
DOCDHBHT RBSOHE 

CB 007 936 

Porter , Harry L. , Jr . 

Conprehensi ve Erosion and Sediment Control Training 
Prograa for Engineers, Architects and Planners, 
Virginia State Soil and Water Conservation 
Conmission, Richiiond, Va. 

National Association of Conservation Districts, 
Washington, D, C. 
Mar 76 

EPA-T-900556-01-0 

136p,: For related documents see CB 007 936 and CE 
008 6b2-663 

Nat iona 1 Association of Conservation Districts 

Ser vice Departaent, U08 East Main, League City, Texas 

77573 ($2.00) 

WF-$0,83 HC-$7,35 Plus Postage, 

Ar::hitects ; Behavioral Objectives ; *Conser vation 
(Environment) ; Course Contend- ; Curriculua Guides; 
Engineers; ♦Land Use ; Post Se ^ndary Education; 
♦Professional Training; *Soil Conservation; ♦Soil 
Science; *State Programs; Unit Plan 
♦ Vir gini a 



This program training text was designed to provide 
uniform instruction to the engineer, architect, planner, and others 
who will be helping to implement an erosion and sediaent control 
prograa. Although tailored for use in Virginia, the basic principles 
covered are universal, and the material is adaptable to meet the 
needs in any State. The 11 units are grouped into four parts. Part 1 
introduces Virginia's erosion problems, specific daaages, costs^ and 
the Erosion and Seiiment Contr''l Program. Part 2 covers the erosion 
and sedimentation process, soil loss prediction, channel erosion, and 
storm water Management. Erosion control practices and principles and 
implementation of a control plan are presented in parts 3 and U- A 
list of references is given for each part. Each unit in the prograqi 
begins with a statement of the purpose and significance of the unit. 
The objectives for the unit are stated, followed by the subject 
aatter content which may include outside references, baclcground 
questions, or problems. Criterion guestions enable the student to 
test himself. A summary answers the guestions and briefly lists 
pertinent points. Photographs, charts, and drawings illustrate the 
text. Material to supplement the text is appended. Also cited is "The 
Virginia Erosion and Sediment Control Handbook," reguired as part of 
the subject content of the program. ( Author /RG) 
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To the iJsers of this Training Prograin 

l^adies and Gentlemen 

On behalf of the Virginia Soil and water Conservation Conmssion, I ain 
pleased to present the "Comprehensive Erosion and SCidiment Control Training 
Program for Engir,«^ers, Architects and Planners" Since the passage of the 
Virginia Frosion and Sediment Control Law in 1973, there has been a rapidly 
increasing need for some type of uniform Statewide training in the field of 
erosion and sediment control The Soil and water Conservation Coinrnission 
recognized this need and entered into a corHract with Kr Harry L '"orter,, Jr. 
to develop such a training program fo yiryjui-"*^ 

The Conmission requested Mr Porter to (develop a program that would not 
only give in f orT^^^ t ion pertaining specifically to the Virginia Erosion and 
Sediment Control Program, but would also provide an overall background and 
knowledge of the erosion and sedimentation process, thereby preparing a 
foundation on which to build good soil conservation principles I believe 
that anyone who examines this material will find that this requirement has 
been fulfilled This is probably one of the few texts in this Country that 
addresses erosion and sedimentation from its origin to its control and relates 
the two to provide a fjrm understanding of the principles behind specific 
conservation practices 

We are very pleased that the Natior^al Association of Conservation 
Districts (NACD) , after reviewing this text, has agreed to publish it as 
part of the National Sediment Control and Manpower Program funded by a grant 
from the U S Environmental Protection Agency Although this particular 
program has been tailor-made for use in Virginia, the basic principles and 
objectives contained herein are universal in scope and adaptable to any 
state program 

The Comnuss ion ex or esses its sincere apprec lation to Mr Porter for the 
fine 30b he has done in preparing this text and to all those agencies and 
individuals who have contributed to its content Also, special thanV • is due 
NACD for making national publication and distribution possible 



Sincerely ,, 




Joseph B Willson, Jr 
Di rector 
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Preface 



This pro-am Is deslgi^ed to provide InstrucLlon to the engineer, 
architect, planner, and others who will be helping to Uplement the 
Vljrglnia Erosion and Sedi;nent Control I*rogran, It Is Intended to add 
*o the student's capabilities so that he will be able to demonstrate 
measurable performance of the necessary new skills. 

Behavioral objectives are basic to this training prograra. They are 
stalereents telling what the student should be able to do as a result of 
the training. A compi'ehensl ve list of objectives was prepared. These 
were sequenced so thiat each ability mastered would be the building block 
for the next objective. These objectives then became ti^e basis for the 
sequence, design, and content of the entire training program, 

The content was carefully selected. 1 1 Is the material which the 
student neo<is to know in order to carry out the stated objective. 

Objectives are spelled out in the pi^ogran. When possible the objec- 
tives Indicate the acceptable level of performance. The student vlll 
know what he Is to learn and what Is considered acceptable. This pro- 
vides both 'jtudent and teacher a means of measuring how well they are 
doing. 

Each unit in Uie program begins with a statement of the pxu*pose and 
significance of the unit. Next,, the objectives for the unit are 3tated. 
Objectives are followed by the subject inatter content which will include 
outside references in sone units. The "contents" may also include some 
background questions or example problems. Criterion questions are in- 
cluded following the content so that the student can test hi;nself, A 
summary answers the questions and briefly lists pertinent points, with 
very little discission. 

The "content'' section of some units will refer to and assign pages 
in the App^jndix. It Is essential that these pages be read as a part of 
the subject matter content for that unit. Sone of the criterion questions 
wUi be 'drawn from the Appendix assl^rjnonts and the summary will cover 
both the "cor^tent" and Appendix material. For instance,^ Unit 1 in Part I 
includes references to Appendix A, pages V-35 to V-42, 

In Parts III and TV, Appendix A, Virginia Erosion and SedlJnent Control 
Hanilbook an/i Appendix C, the USDA-JCS Technical Release No, 35, Urban Hy - 
'irologiy For 3mall Watersheds , are to be used as part oi the subject matter 
content. In all cases, the content section of this program presents what- 
ever material Is necessary to supplement the Hand.book and the Technical 
Release and assigns specific P^ges in these references as part of the 
progran content. Instructors nay also choose to develop visuals and 
othpr teaching, aides in teaching Parts III and IV. 
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How To Use This Program 



First, read the program preface to got an understanding of tho 
purpose and organization of tho whole piogra;ti. The progrum Is d»^slgjiod 
to be used li^ sequence from beglmilJig to end. 

Each subject matter unit will f\ave a ^hort sUitement of the purpose 
and significance. This will prepare you foi Uie subH'f^t and help you 
to understand the appllcat 'ns to be maao of tho skills you are to 
learn. The next to appea) are &ix>clflc objectives, Re^id these care- 
fully, they wl]l tell you not only w>\at you should b** able to do upon 
'Ompletlon of tho ujilt, but also what Is co'isldored an acceptable level 
of p<irformnce 

Head the subject inatter •:ontent lixludln^^; the Appendix references 
which are Indicated. («Oien you feel tl-iat y^ u ^viv«' mastered tho subject 
and can ix^rforrii as stated In the objecrlve, nove on to the questions 
and check yourself. Read the siimmary to see how well you did. ]f per- 
formajup was sa t Isf'ic tory > move on the next unit; If not, check the 
content an-l roferonces a^-^aljn until you feel suix' you have inastered 
tht unit. 



PART I D^TTiODlJCTlON 

Unit 1 Tt^o . V iTK in la KrosVon and SedlJ^ont Control ProKrairi 



Purpose and Slgnli'lcar.oG i 

Tn\s unit Introducoa the Virginia law and the Virginia Eroalor and 
Sedition t Control ^iandbook . U pa^osonts and discusses U^o basic purpose 
of tho program. Basic responalbl 1 lllos for various aspects of the pro- 
grara are given. The Handbook Is essential for program Implementation, 
A knowledge of the Items discussed In this unit are basic to understand- 
ing the total erosion and bedbflent control pi'ogram. The U^forrnatlon 
Hill reinforce you In your continuing study and will help you In dls- 
eussLng the program with employers, associates ^ and the public 

Objec t Ives i 

When you have completed U^ls imlt, you will be able to do the fol- 
lowing thUigsj 

1 . Name Uie two documents *rtilch are the legal bisos for tho 
Virginia Erosion and Sediment Control Program, 

2. 3tato the puri>ose of the program ,i.s given In the Virginia Ero- 
sion and Sediment Control Law. 

3. State where tho basic respona IbU It leb for the prograjn are 
placed . 

Content i 

Road Appendix A, pages V-35 to Virginia j^roalon anr^ Se diment 

Control }iartdbook , The Virginia Erosion and Sediment Control Law. 

Tho law was passed March 20, 1973. I *^ states the purpose of the 
progran p. (V-35, ?l-89-2) and indicates that It Is to be Iraplomented 
through Uie Virginia Soil and Water Conservutlon Commission * and the 



* Tho Virginia Soil and Water Conservation Conimlsslon Is an agency of 
the s^ate created by fi 21-6 of tho Code of Virginia. In addition to 
tho powers granted under the siroslon and Sediment Control Law, the com- 
mission has responsibility for the Small Watershed Prograia (Public Law 
566), coordJj^tlon of all shore erosion prograas of state agencies, 
adaljnlstrat Ivo leadership in the program for accelerating the Virginia 
portion of the Natlory\l Cooperative Soil Survey, coordination and 
asslsUnco with the programs of Soli and Water Conservation Dlatricta, 
and aulainlstratlon of thu Conservation, Small Watershed Flood Control 
and Area Devolopciont Fund. 
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Soil i^nd wnter conservation districts * in cooporallon with covin tle^, 
cities,^ to>fli3, and ot) oi* subdivisions of this sUto. Ln ^1-09-^*, of 
tho lav the guldv^llzios reforrtM to In (b) ^ra In Uio VlrMiiil^i fUndbook ,. 
whls^h WHS adoptc<l by th« Corrun If^s 1 on In Ai^rll 197^. 'Ihls ^^>nd_bQok Is 
tho basis for tlie state i^otTTftni, an(5 pTovld«s gvi Id t linos and standards 
for Uio local profcraas. Most districts, counties, cities, and towns 
have adopted ordinances and hav»: devoloixjd pro^J^drris. Theso pro^^ras 
are consistent with th« statu jrrogmm an<l won* reviewed and approved 
by tho Conn 1 sr. Ion. You wUl also find siunnwiry of tlie ;nir;x:)8e and 
rvaponslbl U t it^s for tho jTro^iun in Ai)pi,{ndlx A, tho first four para- 
^"^rap^-is on l«f^o 1-3. 

-Questions c 

When you lave roac^ the atjov* material and ptif^ea V-}S to of 
Apfxjndlx A, te'^t yourself by t 

1. Vrltln^^ the n/imeb of t^iu two documents which are t)ie le^<\l 
oaseii for Uiti VlxgLnla Kro'^lon dnd >jedLmont Control iTogran . 

)txiil;if, tho inirposo of the Vix^glnla iiroj^ram. 

3 NaiT>lr^ the stxi'e and ] o^-a 1 ontltle'j tKii wore asi> <ned re- 
sponsibility fur esUtllshln^^ and Iwpltjmen tlnf, the pro+^ram. 

nummary i 

The two bt\r.lL duriJUDentr. are (1) • Virginia Lreslori And Sediment 
Control Ltiw aru^ (.^) tne VlrKlj^la Eros 1^ 9n. and ^?edl;nen t Control ^iandbook . 
The purpose of the progniiti Is "... to protect iiw Icind, water, air, and 
other natural rt)Ro\irces of the Corwnunkoal t)i . " 7>ie ba^lr responsibility 
for the pro^qraiTi Is assigned to the VLrf?;l/ila )oli and Water Conservation 
CoFunlsslon and .x)ll and Water Consen'a t Ion M struts working through 
counties, cities, and tow^^s. 



• 3oll and Wat^^r Ponoervatlun Mstrlt t? ar** 'ju^xil v Islon'j of state govern- 
ment responsible ujider ntate law lor con'ierva 1 1 on work within t^eir 
boundaries. Districts are resi^jna 1 ble for deveiopl/^ prof'^rans to dc^al 
with land and water resource problems and to coordinate help frcn P'ubllc 
and prl ■ate' sources, to aooompi U'^h tl-iulr ^x^ll and water conservation 
t^oals , 



1 1 



Unit 2 . Buck^round and Kx'cnt of the l^'oblem 



I*uri>o3t) arvi S i^jn If 1 enact) i 

This unit gives a very hrVef history of tho erosion and ^edbicnt 
problem and discusses oflDrli that y\&vo been made to solvo It, It dG- 
flnes or OS Ion and dlol lii^ls^es bolweon geologic erosion and accelerated 
erosion. IVio gross extent of the jiroblen as well as the amounts at- 
tributed to various activities of man are presented. The events and 
pressures which lod to thy present law a.ui pro^a"' aro discussed and 
aj-uvly.od . 

The law la mctlv?itlon enou.^h for some. Others will want a deeper 
understanding, of the problem, jt^road-tased support will depend on a 
well Informed ;>ubllc, KnowUvl^e of ii\c back^ound and the nature and 
extent of the problon bhuuld stxt'ngl-hen the resolve 'o help solve It, 
Under s t^zul 1/^, of peiiU elfurth tizia cf trends tif fee ting the problem 
will help you to uH'ler stand the ^i/j^roach taken In Uie Virginia Pro- 
gram. 

Object Ive-ij 

1, Lkeflne erosion and distinguish between geologi^c and accele- 
rated eroiilon. 

otaty* tht' to al tonnii*j;e of sediment pollution In tlie U. S. 
and the percent^igeo attributed to various activities of frvin, 

). L^st three rvajor activities of nvin tKat caase accelerated 
erosion . 

'* , Nam<' and describe the federal -st<ite pro^aro started In tiie 
I930*s to deal wlUi tht* fros^on problem, 

3. Name tlie conditions that ^*kav(> brou^»^it renewed attention to 
erosion and sedinnen^ problems In tlie Idst few years, 

c, Najne tr^e rr^ent fedei"al 1 e^^.lsla tlon which supported and jrro- 
vljed f, tiniulus for U-ie >tate effurt to control non- point sr^irce pollu- 
tion, 

?, explain why the construction industry f\as recelvuo current 
attention In nany 3t<ite^' laws, InclutlLn^ Virginia's. 

Conteiit 1 

In the pre/li'us unit you luamed the purpose of the Virginia pro- 
gr<im. The i7r"bU»m which 1* seekvS to correct 1"^ extensive Sedljnonl 
I'l the Kr^'satebt sin^'le pollutant, by vol line, of oiur lakes, rivers, and 
streams. It i-, the end resul*. of the equally destructive process of 
erosion . 
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Content (Cont,) 

SoU orosion is usually defined as the wearing ^.way of the land sur- 
face by vater, ^Ind, Ico , and gravity. In Virginia, we are primarily con- 
cerned with erosion by water. For our purposes, we can define soil ero- 
sion as a process of detachment and transportation of soil materials by 
erosive agents. 

Eirosion Is rot a recent phenomenon. It has been going on since the 
beginning of time. Whole mountains have eroded away, Sedijuent deposits 
several miles thick have been f onned . Features as spectacular as the 
Gr&nd Canyon have rosultec from eroslun. This natural process Is called 
geologic erosion. In the well vegotatou mo^idows, pastures, and forests 
of Virginia tJie erosion process continues at - slow rate. It soldora Is 
dlscernable to us. It usually continues as a slow natural ^Jrocess un- 
less It Is disturbed by the activities of man. Geologic erosion pio- 
duces about 3OJC of the total sediment in the U, S. 

The orosion which we are more concerned with results from man's 
use of the land. This type is called accelerated erosion since the 
geolof-'lc rate is speeded up by the intervention of man. In this 
country, accelerated erosion began when the first settlors from Europe 
cleared sloping land and planted soil exposing crops. Accelerated 
erosion produces about 70% of all the sediment produced in the U, S. 

Total sediment production in this country Is estimated to be four 
billion tons each year. (Ref. l) This tremendous volume of material 
exceeds the sewage loaa by seme 500 to 700 times. (Ref. 2) An 
estimated I-I/3 billion tons of sediment is deposited in reservoirs 
and causes a loss in storage capacity of the nation's reservoirs, 
estimated at 1 million acre feet per year. 

Agriculture, const^ctlon, and surface mining are the inajor acti- 
vities causing accelerated erosion. (Ref.^ 3) About 70^ of the total 
sediment Is from accelerated erosion, About 505^ of this sediment comes 
from agricultural land. Cropland Is the chief source of this sediment. 
Construction activities, surface mining, forestry, and stream channel 
erosion accoujut for the remaining 205^. Indir^'^t effects of construction 
may be resulting In much higher sediment production than the direct 
activities. Stormwater runoff from Impervious surfaces in urban areas 
Is caublng many streams that were relatively stable to suffer severe 
channel erosion. (Bef. 

It Is obvious from the above figures that the total sediment pro- 
duced by construction activities is small. However, the rates of ero- 
sion per acre on construction sites may be 10 to 20 tires that from 
cropland. Figure 1 Inr^lcates sediment production per square mile rrom 
various uses . 



Figure 1. Sedljnent Volirne: Tons/Sqiiare Mlle/Yoar 
(I)ata from EPA U30/9-73-01U ) 




This hi^h rale of sedlmpnt prcxluctlon Is one of the reasons v/hy 
construction activities have received attention i]\ the law, In addi- 
tion, constJructlon Is usually concentrated in relatively small areas. 
The sediment problem Is a "people" problem, {Ref. 5) It Is highly 
visible to people. It Is usually in areas of heavier population and 
higher land values. ' Sediment froin these areas can completely fill 
small ponds and literally destroy small streams. 

The flxst major effort to deal with erosion problems began In 
the 1930 with the passage of iMbllc Law U6, VUthi Confess ^ and the 
establlshjnent of the Soil Conscrvatlor "ervlce. Shortly after passage 
of ?L-hS the President of the U. S, wrote to the governor of each 
state recomnendlr^ legislation to establish soil and water conser^-a- 
tlon districts. The President's letter expressed this concern 1 "The 
nation that destroys Its soil destroys itself," The concern whlcn 
led to tnese acts wab for the lois of valuable soil resources to 
erosion, Tho emphasis was on the control of erosion on agricultural 
lands. Soil Conservation Districts Lawr, were passed In all states, 
The Vlxf^lnia S'^ll Conservation Law was passed in 1938. The law 
ostabll-^hod 3oll Conservation Districts which were to provide local 
leadership for a 50II conservation prolan. The Soli Conservation 
Service and other federal and state agencies provided technical 
assistance to farmers through districts. This voluntary federal- 
state profvTan nvadc substantial progrrss In controlling farmland 
erosion. 

Today wc arc dealing; with much the same j;roblem but with more 
emphasis on sediment control. This Is in keeping, with most of the 
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envlronmental concornG of today. The effect of Uie sedijnent on thy 
people downstream, on the user and consujner of the water resource Is 
a major consideration. 

The erosion control program carried out under and through 

local Soil and Va ^er Conservation Districts was eventually extended to 
assist urban and urbanising areas. I-n the 1960's It became apparent 
that voluntary programs were not enough to get the job done. Local 
jurisdictions began to enac+ ordinances to control erosion and sedi- 
mentation. On October 26, I966, Fairfax County became the first 
county in Virginia to adopt an erosion and sediinent control ordinance. 
In 1970, Maryland became the first state to enact legislation for 
sediment control. Tt)c Federal Water PoUxitlon Control Act of I965 
and the Amendjnents of 1972, PL-92-5OO, have given ijnpetus to the states 
to enact legislation to control non-point source pollution. Th^s law 
established goals tiiat will require increasing attentlcn to ercsion 
anf] sediment control efforts. These goals are i (l) to attain an 
interim goal of water quality by July 1, 1983, wtiich will provide for 
protection and propagation of fish, shellfish, a.nd wildlife and for 
recreation in and on the water and (2) the elijniJiat ion of discharge 
of pollutants Into navigable waters by 1985' 

The conditions which brought about the recent attention to the 
erosion and sedijuent problem are many and varied. The limits of our 
land resources are being folL by more and more p<>ople. Land per per- 
son has dropped from about 17 acres in the 19^ '^^ to about 10 today. 
The rapid growth of highways, suburban housing, and shopping centers 
following World War 11 has magnified the problem. The tiemendous In- 
crease In powerful machinery made massive alteration of the landscape 
possible. Increasing numbers of people with greater mcbllity, more 
money, and more leisure have made the problem much more visible to 
the public. Basically, people simply are annoyed bv the loss of 
the streams, lakes, and natural areas that brought them to the 
suburbs in the first place. The cost to thu public has become more 
apparent. They are no longer willing to accept It. 

Questions i 

1. Write a definition of erosion. Distinguish betwcn geologic 
and accelerated erosion. 

2. Give the total annual tonnage of sediment production in 
the U. S. 

3. List activities of man that cause accoleraLed erosion. 
Give the percentage of the total which Is attributed to each 
activity. 

^. Discuss the federal-state program which was started in the 
1930's to deal with the oroslon problem. 
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5. Namp the conditions that have brought renewed attention to 
erosion and sedxjr^ent problems. 



6. Name the recent federal legislation th<it has stimulated 
erosion and sedinent control efforts. 

?. Exx)laln why the construction Industry has been singled out 
in several of the recent state laws. 



Erosion is a process of detachment and transportation of soil 
materials uy erosive agents. As a natural phenomenon It shaped 
much of our laJid as we know it today. Th^s natural process Is 
geologic erosion. In areas of forest or grassland, it is a very 
slow process. Vhen man intervenes and destroys the protective 
vegetation, the process is accelerated. The erosion caused by man's 
activities is called accelerated erosion. Geologic ajid accelerated 
erosion results in a total sedljnent production of ^ "billion tons in 
the U. S. Geologic erosion accounts for about '}C^ of this total. 
Agriculture, construction,- and surface mining eire the nvajor activitie 
which cause accelerated erosion. Agriculture produces ' ^ of the 
total sedljnent. Construction, mining, and stream channel erosion 
produce about 20%, 

Public Law l^, 7^th Congress, plus state soaI aind water conser- 
vation district laws established a cooperative federal-state program 
for soil erosion control in the 1930* s. This «as a vol'untary pro- 
gram. The Uiilding boom followijng World War II and the population- 
growth put new pressures on land resources. The concentration of 
activities around most major cities brought renewed <ittentlon to 
the erosion and sediment problems T^ie Federal Water Quality Act 
of 1965 and the Amendments of 1972, PL 92-500, have stimulated 
efforts for control. 

Tf\e extremely high rates of erosion from construction sites plus 
their visibility, and their nearness to valuable land and water re- 
sources and densely populated areas, has meant that they are among 
the first to receive attention. 



Sujnmary 1 




Unit 3 . Specific Damaj^es and Costs 



Purpose and Significance i 

This unit gives you information about specific damages and the 
known costs of correcting them. Costs and benefits of control are dis- 
cussed. This unit relates clO'>ely to the previous unit and Includes a 
discussion of characteristics of the problem that Is pertinent to both 
units. 

A Icnowled^e of specific damages and costs Is essential lii evaluat- 
ing alternative solutions to the problems. It Is equally essential If 
we are to '^evclop the moral L-nperatlves to support the technology and 
to comply with the law. This basic understanding Is necessary to help 
adjust our attitudes, impro\e our abilities, and sti-nulate us to carry 
out a program for erosion and sedliient control. To quote Aldo Leopold, 
"No ijtiportanx change In human conduct Is ever accomplished without an 
Interiial chanf^e in our intellectual emphasis, our loyalties, our affec- 
tion, and ovir convictions." (Ref. 6) 

Object Wps I 

When you have completed this unit, you will be able to i 

1. List at least six specific types of damages caused by erosion 
and sedijiient. 

Cite specific dollar costs of sediment pollution and list 
social sind non-quantlf led costs. 

3. Discuss costs and benefits of erosion and sediinent control. 

'a. Explain why the problem Is unlikely to diminish In iiriportance 
or receive oss attention. 



One of the most frequently mentioned damages due to sediment Is 
the reduction of reservoir oapecUy. 



Contoi/ ' 




Figure 2. This Recreation leke In Fairfax County 
Has Been Severely Damaged by Sedijnent 




It is estbnated that one and a third billion cubic yardb of sedi- 
ment is deposited in reservoirs each year. (Ref . ?) TTiis represents a 
loss in water storage capacity of 270 billion gallons or an amount suf- 
ficient for a city of 5-l/2 million people. One source reports costs 
ran^i;^ from $.90 to $2.^0 per cubic yard for removal of sedl^ient. 
(Ref. 8) A1 a ccnservative estimate of $1.00 per cubic yard, the annual 
cost of removal if it wer^ possible would be I-I/3 billion dollars. 
Reservoir sites are a scarce resource. Sedlroent roust be controlled to 
preserve existjing water storage capacity 

Sediment clogs stream channels. Reduction In channel capacity 
contributes to flooding, Interferes with navigation, and nay cause "jx- 
cessive channel movement. It is estimated that the volume of material 
excavated annually frorn s+>reams , estuaries, and harbors exceeds one 
half billion yards. (Ref. 9) The Rappahannock River which drains 616 
square miles averages 1^2 tons sediment /square rolle or 87,U72 tons per 
year. (Ref. 5) The same author,^ reporting l^rmy Corps of Engineers 
costs, indicates a 10-yoar average cost for removal ranging from $0.13 
to $1.00 per cubic yard. Their average cost for all work In I962 vas 
$0.29 per cubic yard. Applying this figure to the estinated total 
volujne of material excavated (500 million tons) gives a total cost of 
$1^^3 million dollars per year.^ If dredged material must be tiansported 
long distances for disposal,^ the cost can be multiplied several tijneG. 
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in addition to the value of lost water buppTy capacity, there are 
other costs assoclatrd with sediment In water oupply reservoirs. Except 
for water supplies used for coolirv? only, most Industrial water supplies 
irust be silt free. In domestic water supplies, people will not use 
water with re<idlly observable sedljnent, Removlji^ sedijnent Is one of 
the major purposes of water treatment. In I96O Washington, D,C, 
treated about I63 million gallons per day, (Ref , 10 ) If there had 
been no need to treat this water to remove sediment, the estiitvated 
ainual savirigs would have been $20,100, This amounts to a cost of 
$0 . 33/n5ni Ion gallons. 

Deposits of sedi;nont in streets, culverts, storm drains, water- 
ways, and flooded properties represent another substartlal cost. 



Fl^jLire 3, Sedijnent Prom An Unprotected Shopping 
Center Development 




SFA reports street renoval costs of $8.00 per cubic yard for a 
case study In California and $6.6C In Virginia.^ (Ref. 8j Basement 
removal costs were $77,00 per cubic yard In California and $65.00 
In Virginia. Storm sewer cleanout by hydro-flush method was $68.00 
per cubic yard In California and $62.00 in Virginia. 

Sediment causes both ilrect and indirect damages to aquatic life. 
It may physically damage or kill the organism or dan^age the ^labltat 
by affecting food supply, spawning areas, and so forth. Fish can 
tolerate lairly high turbidity though the physiological stress may 
make them more susceptible to disease. Damage to the habitat can be 
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much more serious. Ritchie reports several types of damages. (Ref , ll) 
Reduction of ll^ht llnits photosynthebls and hence food supply. Organic 
laatter, frequently deposlt^^a with sediment, uses oxygen In decoraposing, 
thus reducing the supply. Sediment reduces survival rate of eggs. It 
has destroyed fish and oyster spawning areas in the Upper Chesapeake. 
Reductions of Insects and plants due to sedlmer4+ have reduced food sup- 
plies. The costs associated with these damages ire not well quantified. 



Figur° ^. Sediment ADove A Recreation Area 




Damages to the soil resource from erosion have received consider- 
able attention Ui agricultural areas. It Is also a significant damage 
in urtanlzlng areas. Some of the costs of these damages are passed on 
to the buyer In much higher landscaping and ^ound malntenajice costs 
or In dissatisfaction with landscaplr^ results on badly damaged soils. 
r>ome are direct costs of construction such as regrading, removal of 
mud, and higher landscaping costs. 
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Fl^re Single Sxorm Sedijnent Damage 
iPron An Industrial Site Development 




ERIC 
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The costs of erosion co itrol measures are not well documented. 
However, there is some InfoXTnation available for use in plannl2ig con- 
trol systems. Brandt, et al (Ref . 12) reports that for an Investment 
of $7,000 In sediment control, one developer was allowed a higher 
density zoning. He gained 75 lots which hrou^ht in $300,000 additional 
revenue. One developer repcrted an increase of costs of $25.00 to 
$30.00 per lot. (Ref. 7) Costs in the Washington, D.C.-Nortiiem 
Virginia area may range torn $25.00 to $200.00 per single fanily de- 
tached dwelling. Costs of individual practices have been reportea by 
EPA. (Ref. 8) Those will be discussed Later in the program aa in- 
dividual measures are discussed but some of their conclusions are per- 
tinent here. First, one of the most effective erosion control methods, 
hydro-raulching, is also one of the most economical. Costs in the EPA 
study were $400 per acre for areas of I3 acres and over, and $900 per 
acre for areas of less than one acre. Most important, the costs of 
preventing soil erosion and sediment runoff per unit of sedijn'?nt re~ 
tained are loss, in a great many instances, than the cost of later 
removing the silt. When one realizes that the removal only cures 
part of the problem, then erosion and sediment control appears in a 
favorable light from an economic standpoint. 

The cost benefit analysis of erosion and sediment in relation to 
urban development nvay be of two sorts. First, an analysis of costs 
for erosion control may influence decisions on land use. If costs of 
control with an intensive development plan are too high it may be 
desirable to go to a loss Intensive development. This analysis should 
help to keep intensity of land development in line with the suitabi- 
lity of the land. Because by law in Virginia an acceptable level of 
erosion and sediment control must be achieved, it is not relevant to 
make a cost-benefit analysis to decide whether to control or not to 
control erosion. The second coiisidera tion requiring analysis is the 
costs of alternative measures or combinations of measures which would 
give the acceptable level of control. Fortunately,, the cost data 
available seens to favor heavier emp^sis on controllii*g erosion at 
the source rather than trapping sedijnent at site boundaries. 

One further point relating to this unit and the preceding one 
should be discussed. The characteristics of the erosion and sedimen- 
tation problem are similar to those of other environmental concerns. 
They clearly indicate that the concerns that genera x,ed the control pro- 
gram «ill see that it is continued. 

Erosion and resulting sediment pollution is very visible, and 
tends to threaten many people. The blame, not necessarily the cause, 
can be placed on a small group. We do have technical solutions to 
the problem which are economically feasible. The costs of control 
can be passed on to the public through higher prices, which are let.s 
noticeable and more acceptable than the higher taxes, which are caused 
by the public damages of improper development. Some of the apparent 
ambiguities associated with this as with other environmental issues 
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are a strength, since everyone wants to ijriprovo Uio quality of the on- 
vlrorjncnt. An "bicustry" ha a devlopcU and is profiting rrotn control of 
sediment and other pollutants, Also, Lav^^^rs and sono other professions 
have found 11 to be a lucrative field. A lobby for control )\a.s thus 
been formed. Lastly, the prebent law adds press'ore to control sedljncnt, 
this anii all of the above points seem to indicate t^xat the program will 
be stren^'thoncd rather than forgotten. 

Questions : 

Test youi'self on Uie material iji this unit. 

1 List six or nore types of damage caused by erosion and/or 
sedineri t. 

2. Cite Tipeolflc dollar costs of correcting seairaent damages 
for at lOact three tyj^js of damages. 

3. Dli^cuss cost-benefit analysis of erosion and sediment con- 
trol, iftvit two types of analy^^es would you raake'' 

^i. List ai least fo\u' characteristics of the erosion ami Sedljnent 
problej^ that will tend to keep tlie Issuo alive. 

Sujnnvai-y t 

The specific sediment damagoii include siltation of lakes and re- 
servoirs; sediment deposits in strean-.s, r iv^^rs , and harbors; and =-logg- 
ing of culverts,^ stom sewers,^ and open waterways. The sedinent kills 
or greatly reduces the amount of aquatic life. It reduces the useful- 
ness of water resource's for recreation. Water treatment costs are in- 
creased. Erosion damages may c«ausc considera t)le extra costs to the 
devolopcr and nay pcmvancntly damage the land, roaking it less r,atis- 
factory to the ultimato user. 

Tlie cost of removing sedljnent fTon reservoirs ranges from $0.90 
to $2.^0 per cubic yarxi . The cost to the CorpiS of El:igineers for remov- 
ing sedlTnpnt froTp streams, estuaries, and harbors averaged $0.29 per 
cubic yard in 19^2. This does not include transporting dredged niaterial 
to suitable disposal sites. Water treatment costs for Washi)^ton, D.C.,^ 
to remove sedi'ncnt,' were $0.33 P^^ million gallon, or $20,100 per year. 
Cleaning sedijuent from street.^ cost $6.60 per cubic yard in one Virginia 
study. Renoving it from basements cost $6j.00 per cubic yard and re- 
moving it from storm sewrrs cost $62.00 

In developing erosion and sedlJnent control plans, cost benefit 
analysis -should be used in two ways ^ First, to determine the best 
land us*^ fnr the area under consideration and second to compare al- 
ternative erosion control measures and combinations of measures. 
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T)ie erosion and sediment control problpn wUl continue to rec<}ivc 
..•mp^KiLblG booiuae 11 i^^ a very visible problem. It affects most people 
In some way or another. Ttio blamo m.y bo placed on a small group. 
TeohnlcAl salutluns exl'St whluh are economically feasible. Costs can 
bo passed on to the consumer. Also, "evoryun^-j" wants to Improve tiio 
env Ironmont. An "Industry" has developed aroxmd erosion and sedlmont 
control and some professions bive found It to b(i a good field. The 
program seens much more apt W be strengUiened rather than forgotten. 
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PAJrr II THE EROSION AKD SKDXMENTATION PROCESS 

Unit 1 . The Rroslon Procoss 

Purposo and Sl^lflcanc«i 

This unit dlscu38o.^ and defines tho five typea of soli erosion with 
Hhlch wo are concomod. It nainos the causative a^«nt or agents for each 
typo, It covers in detail the factors wlilch Influence eroalon from tho 
land axirf\co so that you will understand tho specific effects of each 
factor In the oroolon process. Ghajinel erosion Is Included In the de- 
finitions hoi^, but the discussion of the specific factors effecting 
It will be iji the thljrd unit of this Part, 

Kj\ undoriitaadln^ of the types of eroalon, of the forces causing 
erosion and of other Influencing factors Is basic to understanding how 
to develop a control progran. Ebroslon Is a process , Knowledge of how 
It functions will help you to xmderstand at what stage In the process 
Intervention with control practices will be mnat effective. An under- 
standing of the forces and factors will help you to Icnow what practices 
will be soot effective for each situation. 

Object Ives I 

1. Define flv^ types of erosion and n&me the erosive agents re- 
sponsible for each type. 

2. List the aajor factors Influencing erosion, 

3. Indicate the characteristics of each of the above factors 
which determine their effect on erosion. 

NajTie the factors which determine the volume of runoff from 

a site . 

5. Najne the factors which determine the 'Ajloclty of runoff In 
overland flow, 

6. Describe the process which results in rills and gullies and 
Indicate the factors responsible. 

Content I 

In F^rt 1, we deflnod erosion as a process of detachtient ai\d tians- 
portatlon of soil Jtiaterlals by erosive agents. This enphiislzes the pro- 
cess nature of erosion. First, soil particles axe torn Icose from the 
soli nvass, This i^akes them available for transport. Second, the de- 
tached Date rials are transported. Sedljaeni^tlon, the last step In the 
total process, Is discussed In the last unit li this Part. 
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We also mentioned In Part I that w© are primarily Interested In 
erosion caused by water. It w*!! help us to understajidi the erosion 
process by water if we think . the detachLn^ capacity of the erosive 
agents and thelx transporting capacity as separate variables. SoU 
natorl&ls also vary In detachablllty and transportability. Ehch of 
the factors discussed will have a bearing on detachroont «Lnd/or transport 
of soil jnateilAls. 

It will be helpful to think of the erosive action of water as the 
effects of the energy developed by rain as It falls or as the energy 
derived from Its notion as It runs off of the land surface. "Ho force 
of falling rain Is applied /ertlcally. The force of flowing water Is 
applied horizontally. They both perfoira work In detaching and novlng 
soil particles, but their actions are different. The 1955 Yearbook of 
Agriculture gives an excellent description of water erosion'i (Ref . ij 

Raindrop erosion is the first effect of a rainstorm on the soil. 
Raindrop Impact dislodges soil particles and splashes then into the 
air. These detached partlcl€»s are then vulnerable to the next type 
of erosion. 

Sheet erosion is the erosion caused by shallow sheets of water 
as it runs off of the '^d. These very shallow moving sheets of water 
are seldom the detaching agent, but the flow transports soil particles 
which are detached by raindrop Ijspact and splash. The shallow sur- 
face flow rarely moves as a uniform sheet for more tnan a few feet 
on land surfaces before concentrating in the surface irregularities. 

Rill erosion is the erosion which develops as the shallow sur- 
face flow begins to corcentrate in the low spots of the Irregular con* 
fonnatlon of the surface. As the flow changes from the shallow aheet 
flow to deeper flow In these low areas, the velocity of flow and tur- 
bulence of flow Increase. Tho energy of this concentrated flow is 
able to both detach and transport soil niaterials. This action begins 
to cut tiny chinnels of its own.^ Rills are smil but well defined 
channels which are at the most only a few Inches deep. They are 
easily obliterated by harrowing or other surface treatments, and have 
no more than 1 square foot cross section. 

Gully erosion occurs as the flow in rills comes together In 
larger ^nd larger channels. The major difference between this and 
rill erosion is a mattor of size. Gullies are too large to bo re- 
paired with conventional tillage equipment and usually require heavy 
equipment and special techniques for stabilization. 

Channel erosion occurs as the volmno and velocity of flow causes 
movement of the stream bed sjid bank materials. 

There are four major factors which have a direct influence on 
the detachment and transportation of soil materials. These are cliwate, 
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solls, topography, and vegetation (or surface cover). 

Wo will first discuss climate since It Is the source of +he major 
erosive agent in the erosion process. When we talk about cllinate we are 
primarily concerned with rainfall, although temperature and snow cover 
are also importaiit. 

The discussion of rainfall can be divided into the effect of rain- 
drops and the effects of runoff. 

Raindrop erosion Is the first step in the erosion process. The 
action of falling rain Is responsible for or more of the total 
soil erosion. It produces two damaging effects — the detachment aaid 
transportation of surface soli, and the puddling or sealing of the 
soil ^surface. Neutralising these two effects is the first and most 
ijnportant part of erosion control. 



This sequence of photograph.^; snows the action of a raindrop strlk- 
ii;g wet soil. The drop of water i3 a sphere, about l/8 inch in diameter. 
It travels at the rate of about 3O feet per second when it strikes the 
soli. The force pushes the wet earth outward in all directions and 
throws particles of soli and water to distances of 2 to 5 feet. The 
resulting crater Is about U times as large as the raindrop. (USDA-SCS 
photo by Naval Research,^ Bureau Yards 4 Docks, November 19^9) 

How can rainfall be responsible for so much damage Observation of 
a hard rain on bare soil would conflxm Its destructive power. The drops 
hit the surface like tiny bombs, They shatter soli granules and splash 
the detached material back and forth. Splashed particles nay be moved 
more than two feet hlgJi and five feet horizontally ,> On level land, this 
is self-cajiceling . On sloping land, the net movement is downhill. On 
a IO5C slope, 755^ of the soli raovemen t down si ope ,^ More thsLj) 100 tons 
of soil per acre may be detached in a single rain. 

The erosive capacity of raijifall comes from the energy of its 
motion or kinetic energy. It Is dependent on the amount and intensity 
of rainfall, raindrop diameter, and raindrop velocity. 

Drop size varies from the finest mist to drops which are I/3 inch 
or nearly 8 millimeters 3n diameter, Any rain will contain drops of 
various sizes, A hard rain has a much higher ptroportlon of large drops. 

Raindrop velocity is tied very closely to drop size. Tine mist 
with droplets about l/lOO inch in diameter fall at about 1 inch per 
second. The largest drops attain a velocity of 3^ feet per second. 
It is obvious from this that an inch of rain falling as large drops 



Figure 7, Raindrop Splash Series 




In a hard Uiunderstom\ has many tiroes more erosive cajaclty Uian an inch 
falling as fine drizzle over a longer period of tlrae. The actual force 
(kinetic energy) of raindrop Irepact Ln a hai-d summer storro nvay be 2 or 
3 hundred tines the force of the surface runoff, even on steep slopes. 

The effects of splash erosion are easy to see In nature. Splashed 
soil particles can be seen cllnglz^ to the foundation of buildings 
which are adjacent to bare soil. Particles can be seen on stems and 
loaves of plants which are growing In a partially vegetated flsld. 
Pedestals of soil capped with protective stones can be seen where rain- 
drops splash carried away unprotected soil material, Figure 8 shows 
an extreme case of pedestal formation. 



Figure 8, Pedestals Under Protection of Small 
Stones Are Formed By Splash Erosion 




Another Important aspect of rainfall Is lis distribution. The 
most ercsivt* rains are not scattered evenly throughout the year. In 
Vliglnla, thoy are concentrated In the months of Jun»i Ihiough September. 
Unfortunately, these periods of moGt erosive raln^ colnclae with the 
most actlvf; part of the construction season. 

Tabic 1 Indicates somo significant differences between storms 
occurring during the spring arai summer and those occurring In the 
fall and winter. 
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Table 1, Precipitation Characteristics by Seasons 



Characteristic 


Sept. Throu<5h April 


May Through Au^&t 


Form 


RaLn and snow 


RaiJi 


Intensity 


Low 




Drop Size 


Small 


Large 


Duration of Storm 


Lon^ 


Short 


Anja of Gtom 


Large 


Small 



So far wc y^ave concentrated on the force of falling rain and its 
capacity to detach and move soil material. The second damagl;^ effect 
is the compactlrv5» puddling,^ and sealing of the soil surface. As 
mentioned before, large drops strike with tremendous Ijnpact, compacting 
the soil uiider the point of Impact. Repeated strikes churn th-» sui 
face into a slurry. As t>ils serai-fluid mass attempts to Infii Irate 
Into the soil It does a very effective job of sealing the pore spaces 
against further entry of water. As drops continue to beat against the 
surface they sort and ccmpact the material until an almost complete 
seal is formed. Even on coarse sands this action reduces the Intake 
of water^. 

Tills brings us to the second dainaglng aspect of rainfall — run- 
off. Runoff is the second erosive agent. It begins when the rate of 
rainfall exceeds the Intake capacity of the soil. When a hard rain- 
fall is unimpeded as it strikes the soil, runoff begins a few minutes 
after the start of the rain. In the early stages, Its major potential 
for damage Is as a transporting agent for soil dislodged by raindrop 
splash. As water begins to collect on the surface it has no kinetic 
energy. It derives energy fYom Its movement as it beings to run down- 
slope. The amount of runoff depends on two things, the amount and 
Intensity of thio rainfall,^ and the nature of the soil or Intervening 
surface that It falls on. Runoff at first takes the forra of a layer 
of water flowing more or less uniformly over the ground. Depth of this 
flow is usually very shallow. Runoff from bare plots 116.? feet long 
cn 20^ slope at the rate of }.25 ^o 3.68 Inches per hour produced depths 
of flow ranging from 0.06 to 0.15 inches. Flows of this sort have 
practically no capacity to detach soil but they do have capacity to 
transport particles which are detacned and kept In suspension by 



31 



I 



-23- 

ralj^drop Jjiipact, The result of this coreblnatlon of the detaching capa- 
ci"»y of raindrops and the transporting capacity of sheet -flow runoff 
Is sheet erosion. The effects of this type of erosion occur on all the 
lemd surface except in rUls and gulllos. Because it removes soil In 
thi:i layers from 95J^ or more of the land surfiice, It Is difficult to 
observe even though the total soil losses may be tremendous. 

Under nortiial field conditions, runoff occurs both as sheet flow 
and channelized flow. As water moves downslope, It tends to follow 
the path cf least resistance, ihe flow beclns to concen rate In the 
depreaslcns and Irregularltlef of i)\Q land surface. This the begin- 
ning of 'Channelized flow. As th^ amount of water In these channels in- 
creases, the velocity and turL*ilence also increases. As the runoff 
concentrates first In tiny channels then combining Into larger and 
larger ones, It gains the force to voth detach and transport soil 
material. The erosive capacity of lowing water derives from Its 
velocity, turbulence, nd the amouit and type of abrasive ridV*rial 
that It carries. Thf> -oJtoclty va'^ies with the depth ur volume of 
flow, the roughness of the channel, and the slope gradient. As the 
length of slope increases, the depth and hence the velocity also In- 
creases, ^ 



Flg^ire 9. Rill and Gully Erosion 




Detachment by fl^ wing water is confined primarily to the areas of 
concentrated flow (rll'o and gullies). The detachment of soil particles 
is by rolling, lifting, and abrasive actions. The force Is horizontal, 
in the direction of flow. The forces of i ow detach some soil particles 
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by rolllJi^ or dra^lii^ them out of position. As velocity and turbulence 
IJicreasG, vertical currents and eddies occur. This upward movement of 
water lifts soli particles from tliolx place and sets them In motion. 
As the particles of soli already being traoisported by the flow strike 
or drag over other soil particles, they detach them and set them in 
motion. This Is the detachment by abrasive action. The amount and 
abraslveness of the particles In the flow will Influence the amount 
of soil detached by abrasion. 

The same factors that determine detaching capaci' / act to determine 
the transporting capacity. As mentioned before, sheet flow has very 
little detaching capacity. It is effective in transporting soli materials 
because raindrop Impact )<eeps the neater lal in suspension. It has been 
observed that muddj water flowing across a parking lot left a deposit 
of ttud under each car while the surrounding pavement was washed clean. 
(Ref, 2) this case, the velocity and turbulence of flow alone were 

not enough to keep the material In suspension. The material detached 
by raindrops and transported by sheet flow Is the finer textured soil 
mater lal , 

The flow in rills and gullies transports material by "surface 
creep," "saltation," and by buspenslon. In surface creep, the particles 
roll or slide along the bottom of the rill or gully. The particles 
move by saltation when the eneven forces of turbulent flow lift and 
move them by jumps. Farticles travel in suspension when the upward 
velocities of turbulent flow exceed the settling velocities of the 
soli material. In general, the larger particle,^ are moved by surface 
creep and saltation while smallei particles are moved by suspension. 
Unless limited by the amount that can be detached, the total amount 
of jmterial moved depends on the transporting capacity of the runoff 
and the transportability of the soil n\aterlal. 

One other aspect of cllnvate can cause severe erosion. Rainfall 
on partially frozen soli can cause excessive runoff and erosion. In 
such a case, infiltration may be practically zero, resulting in nearly 
100?f runoff. 

In the second unit in Part II, we will discuss soli loss prediction 
using the Universal Soli Loss Equation.> The effects of rainfall are 
represented in this equation by the factor R, This factor reflects the 
combined potential of raindrop Impact and turbulence of runoff to trans- 
port dislodged particles from the field, (Ref. ')), 

The second factor Influencing erosion Is the soil. When all other 
fi\ctors are held constant, different kinds of soil "ill erode at dif- 
ferent rates, Soil differences may cause more than a tenfold difference 
In erosion rates. The difference in erosion rate which is due to the 
piopertlos of the soil Itself is called the soil ercxllbility , ^Ref. 3) 

The soil prop*:jr tl«^s which influence crodlbility by water are (l) 
Uiose that affect the rate at whlrh water enters the soil (infiltration 
rate), (z) those that affect the rate at which water will move through 
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the soil (perroeabllity), (3) the total water capacity, {u) factors af- 
fecting detachment Ify raindrop Impact and detachment by rolling, lift- 
ing and abrasion of flowing water, and (5) those that resist the trans- 
porting forces of rainfall and runoff. 

Soil erodibility has been investigated intensively in development 
of the Universal Soil Loss Equation. The Important properties arei 
(1) petrticle size and gradation} (2) percent of organic matter j (3) 
soil structure; and (u) soil permeability. There are several addltiona 
properties khich influence soil erodibility, but the above account for 
the about 85^ of the ^/arlance in observed soil loss, 

Wischmeler and others have shown a very good correlation between 
erodibility and an index derived from five soil parameters, (Ref, ^) 
Two of those reflect particle size and gradation while the other three 
are % organic matter, soil structure, and soil permeability. 

Soil particle size distribution plays a n^ajor part in determining 
erodibility. (See Figure 10 for texture olxes in various soil classi- 
fication systems,) Erodibility tends to increase with greater silt 
(.002 to .05 m.m.) and very fine sand (.05 to 0,1 m. in.) content and to 
docrecise with greater sand (O.l to 2.0 m.m.), clay (< .002 la.ia.), and 
organic matter content. Soils with a high clay content ar« generally 
more resistant to detachment, although once detached, the clay particle 
are easily transported. Clay soils also usually have poor Infiltration 
thus increasing runoff. An increase In organic matter reduces erodi- 
bility by Improving structure and the stability of structure. Organic 
matter also Ijiiproves permeability. 

Size and type are the Important structure properties. Wischmeier 
uses four structure codes to obtain an erodibility index. Code 1, very 
fine granular structure, is the least erodlble; followed by code 2, 
fine granular; then code 3» medium 01 coarse granular; to t.he most 
erodible, code , blocky, platy,^ or massive structure. 

Permeability must reflect the permeability of the whole soil pro- 
file,^ In undisturbed soils, the limiting layer is usually below the 
surface. In fragipan soils (soils with a natural subsurface horizon 
which is very dense and very slowly permoable to water), the position 
of the layer in the profile is Important. If the fragipan is near or 
moderately near the surface, it wil] increase erodibility. If it is 
below a thick loan surface, it may have little effect on erodibility 
except in very large storms. 

The soli properties will bo discussed further in the unit on soil 
loss prediction. The K factor of the Universal Soil Loss 7/quation is 
the Index of erodibility. 

In the two factors discussed thus far, we have covered the causes 
of erojiu. Hv waiter. Wo havo been concerned with tiie powr of the rain 
to erode and tnu r'^sistancc or susceptibility of the soil to erosion 
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Soil Classification Systems 
Soil-Separate Size Limits 
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Tho remali^lng two factors fxinctlon to modiry +he effects of Die inter- 
action of ralji and soil. 

The most ixi^portant effects of topography aro the results of length 
or steepness of slope. Slope shape i nd slope direction will have some 
effect . 

Slope length Is the distance from the point where overland flow 
begins to the point where It enters a well defined waterway or the 
point where deposition may oc^.ur because of a decrease In slope gradient. 
The longer the slope, +ho greater *he depth of runoff. There la a 
build-up In depth of flow and hence In velocity. Research has shown 
the soil loss per unit area Is proportional to some power of slope 
length (E oc I/^) , (Rel . 3) The average value of the exponent m Is 
abouL O.5. On slopes steeper than ten percent, the value of m Is 
about 0.6 and on very long flat slopes 0.3 Is more appropriate. 

Steepness of slope Influences erosion in several ways, I'here Is 
more splash downhill on steep slopes. The velocity of flow increases 
with slope steepness, and there is more runoff on steep slopes. Vis- 
chmeler concluded that soli loss Is proportional to i 0.^3^OQs-K).U33 
where s Is the gradient expres^ied pg percent slope. 6.613 

In the Universal Soil Loss Actuation, the factors for slope length 
and slope gradient have been combined into a single topographic factor 
IS. 

The shape of slopes will affect erosion. On coivex slopes (slopes 
which steepen at the lower end) and concave slopes (slopes which flatten 
at the end), erosion will be either over {on convex) or under (on con- 
cave) the amount that would be expected If t^e effect were calculated 
on t)^e basis of an average grade, 

Dlrec"tlon of slope has an indirect effect simply because of ti^e 
effect which exposure has on vegetation. South and southwest facing 
slopes are usually harder to vegetate and maintain, otiier things being 
equal . 

Vegetation and surface cover Is the last of the four factors in- 
fluencijig erosion. It is perhaps the most important factor frorri the 
standpoint of control. The use of vegetation, mulches, and other sur- 
face covers offers the greatest range of control alternatives. 

Hudson (Rof. 5) illustrates the dramatic reduction in soil erosion 
that can be obtained when the soil Is well covered. He had two plots 
about 5 90 feet. Each was kept free of weeds. One plot was covered 
by flne-mesh wire screen. All of the rain passed through the screen 
but the raindrops were broken so they reached the soil as small drop- 
lets. In a ten-year period, the soil loss fron the bare plot was more 
than 100 times H^t on the screen covered plot. The loss on the 
covered plot was only 3.8 tons per aero for the ten-year period. 



Vegetation of U\e right type and density can provide the same 
protection as the fine wire screen, i^roslon takes place on the soli 
that Is exposed to the unijupeded Impact of falling rain. The amount 
of erosion depends on how much of the land surface is left exposed 
to this force. Hudson illustrated this by exper linen ts with corn 
(jrown at two populations! 

plants/acre 9,000 1^1,^00 

)4 ground exposed ^0% 10^ 

Soil loss over a ten-year period was four times as much on the 
9,000 plants per acre plot as on the l^+,500 plants/acre plot. In 
the above study, the amount of soil exposed was measured from 
photographs taken vertically down on the pl6ts. 

Osborn reported that amount of cover far outweighed factors 
such as plant type or species, (Ref . 6) His studies were measur- 
ing the splashed soil or detachabilil/ ra Uier U-ian soil } oss . Ki- 
fectlvenoss against splash was best Ijidicated by the product of 
total air dry weighl of the above ground vegetation and percentage 
of soil coverage. Tfiere were some differences between types of 
plants that are worth noting. These are presented in Figure 11. 

It Is obvlouG from the results of the wire screen covered plots 
t^iat there are other ways of providing effective cover tiosides 
vegetation. In fact. If erosion lr> ' o be controlled during the 
establish.Tient period of new seedlngs, spriggings, or plantings, 
some type of surface protection must be provided. Tlie U . . Soil 
Conservation Service Indicate? the effectiveness of several groiuid 
covers In preventl/\g erosion. { r>ee Table C.) 
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Ta bio 



l\ Kffpct ivenoss Of Various Croaj\d 
Covers In ?revontlny^ SoU Loss 



Kinds of Gromid Cov^r 



3oil Lo«55 Reduction As Related To 
Bare Soli Surface 



Percent Reduction 



Full, established a lands ofi 



J^orwvncnt trasses 

Perenrjial ryegrass 

Armual ryefpraas 

onwU ^jraln 

MlUel or audan grass 

Field ^JTomograss 

Grass sod (ponniinent sjxjcles) 



99 
95 
90 
95 
95 
97 
99 



Mulches I (Anchored) 



}iay r tons/acre 

Smaii ♦^lUi stniw ® tons /a ere 



08 
98 



Vaiues for woodchlps, woo<lcenul'^30 flbor, fltxJrglass, asphalt 
emulsion, and similar mti^rlals havp not boen established. However, 
UnriG should he at least ^)0% e/'foutlve when u«od at thf ful lowing rates 1 

Woodchlps @ 6 tons/acre 

Wood cellulose flUir @ l-j/^* tons/acre 

Fiberglass l^'-^ ton/acre 

Asphalt emulsion S \Z^0 gallons/acre 

The dli>cusslon thus tar ^ias emphasized the tremendous reduction In 
erosion on well vegetated or mulched are<is. Vegetation not only i^re- 
vents splas/"! eru^lun, but also prevents puddlliig and sealing of the soil 
sui-face. Hie efle^t.' of a good vegetative cover or ijulch on runoff are 
equally spectacular. Stall In^s reported on exporlraents conj»irlng In- 
filtration on vegetated ,nul ched , and bare plots. (Ref. 7) In those 
studies on several dlffert^nt soil types, the proteLted plots maintained 
a hl^h water intake r.i^e and practli:^lly no soli loss even at sustained 
high rates of rain. Infiltration rates on bare soil plots ilropped 
T^apldly and leveled jut at very low rates. This effect was sl^lf leant 
even on an artia of dune sand. 

Studios on grassland confirmed the value of vegetation for increas- 
ing water Intake. (Hef. 8) Water Intake n;sults arc sumjnar ized In 
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l^ble 3. Hatos ol Wator Intake On Plots With 
Vaxylr^ Araounts of Vegetative Cover 

A It Dry 

Katorlal Dead Plant Rate Of Water Intake ToUl 
VeKet^tlon Litter _ Ist 30 mln. 2nd 30 nln . Xnt&ke 
(Pounds/Acre) (Inchea/Hour) (Inches) 

Hoavlly graz'id plot ?^? 3^2 l ,81 1,16 IM 

Moderately grazed plot 1,37U ) ,79^ 2,78 2,15 2.^0 

Un^&zed plot 2,20^* 4,151 k ,2? k,Z7 4.2? 

In this study, multiple ro^«»ft«lon analyulc Indicated that total 
v?;gcU*lion and dead plant litter accoiinted for 8^ of the difference In 
water Ij^takc. 

One furthrtr value of ve^ *atlon is its effect on runoff velocity. 
Certain typos ' *' voge*-M are known to be very effective in reducing 
erosion by flowing water. Vegetation is frequently used to provide a 
protective lining in shallow watorxaya. 

In these channels, vegetation provides protection by roduclng the 
velocity near the bed of tiio channel. Observations through vertical 
glass walla in experimental chc'^ncla reveal that the vegetation remains 
up in the flow, whipping back and forth. The severity of the whipping 
^» a function of velocity, depth of flow, roughness of the bedi and 
velocity dlstrlb^itlon from surfaLe to bed. Vege* Mon with a dense uni- 
fom growth near the soil surface and a strong fibrous root syatoni is 
noat effective in reducing erosion. Good uniform stands of Bonauda 
grass, Kentucky bluegraas, or tall fescue meet these requ ireoeuta , All 
tJ"iree are scxi-forralng and Kave a high percentage of basal leaves (leaves 
originating near the soil surface). They will provide good surface 
cover ♦'ven after mowing and with good management will retain their 
density Indefinitely. 

Roots )vxve important influences on both erosion and water Intake. 
Ty^eir prliury effect is t^\rou^i Improvement of lioil structure and 
organic matter content. Roots are not in a position to shield the 
soil from ra Imirop ijupact or to hold soil against the detaching force 
of runoff unless erosion has already progres£>ed far enough to place 
them on the i^urface . They may provide some protection against the aud 
fluws which occur on t/awed saturated surfaco layers above frozen soil. 

The C value in the Universal Soil Loss Equation reflects the vegeta- 
tive or surface cover ruio In erusiun and the managjnent of Uie vegetation. 

This completes the detailed discussion of ti"ie erosion process. An 
understanding of the n^teridl covered In this unit is basic for develop- 
ment of erosion and sedljnent control systems, 

Test yourself by answering the following questions j 
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1. Defljne the flvo tyiH)s of erosion and nano ti.e oroslve agont(s) 
for each type, 



2. What are the ciajor factors affecting erosion and what particular 
characteristics determine their efffeCt? List factors and IMlcate 
characteristics for each,> 

3, - What factors determine the volume of runoff frora a site? 

What factors determine the vjloclty of runoff in overland floW 

5. Describe the process which rssults in rills and gullies and 
indicate why they forra,^ 



Raindrop erosion Is the first effect of ralri on the soli, The 
erosive agent Is the vertically applied force of falling raindrops. 



Sheet erosion is the loss of shallow layers of soli as the particles 
of soil dislodged by raindrops are ccirrled off by surface runoff. The 
primary agent is raindrop splash which dislodges and keeps the particles 
in suspension. Runoff is the secondary agent. 

^ 111 erosion Is the erosion which develops as the shallow surface 
flow gathers in surface irregiaarltles . Tiny channels erode as the 
flowing water gains enou^ velocity and turbulence to dlslod^^e and trans- 
port soil material, 

C^ully erosion occurs as rills join to form deeper and faster flows. 

Ghanne ^oslon is the cutting of banks and/or beds of ditches and 



The four major factors in water erosion are clliuate, soils, topo- 
graphy, and vegetation. 

Rainfall Is the most Important aspect of clijrvate affecting soli 
erosion. The total kinetic energy of th.e storm and its intensity de- 
termine Hs oroslve effect. 

Soils differ in erodlblllty other factor-^ b2lng equal. The Ijupor- 
tant characteristics are particle size gradation, organic matter content, 
type of 3oU structure, and permeability. 

ivo major characteristics of topography affect erosion. The length 
of slope determines the amount of water added as the flow proceeds down- 
hill and influences velocity by increasing depth of flow. The slope 
gradient increases the velocity of flow. There Is more splash downhill 
on steep slopes and more runof 1 , 
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streams. 
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Slope shapes will also affect erosion. On slop^-^s which steepen at 
the lower end, erosion will bo tp-oater than for a comparably length at 
a unl/'orm grade of the same average p<jrcent. On slopes which flatten 
out at the lower end, It will >« less. 

Vegetation reduces Uie effects of raljndxop impact by absorbing the 
force before It can act on the soli. This prrevonts the detachment of 
soil particles and the sealing of the soil surface. 

The volume of runoff from a site 1'^ determined by the amoxmt f 
rain on It less that wtilch t^oaks into the ground or is held Iji surface 
depressions and on leaves and stems. 3oll infiltration and percolation 
rates and Uie effect of vegetation on Infiltration determine the waxei 
intake . 

Velocity Is a function oi sloj^e gradient, depth of flow, and tiie 
retardance due to the surface over ^fhich It flows. The effect of 
length of slo]X: Is to add to ti^e amoujit of contribuiing watershed thus 
increasing the depth of flow. 

Rills and gullies are caused by channelized flow. Rx^noff begins 
as a very thin sheet of flow all over the soil suria:e as the rate of 
rainfall exceeds the infiltration rate. It remains as sheet flow only 
to the nearest depression or irregularity U\at Is lower than the sur- 
rounding surface. Tiny rills form then join to make larger ones and 
so on. rhe pattern of resulting rills and gullies resembles the sil- 
houette of a tree the twigs at the outermost part representLng ti\e 
first tiny rills, those loin to form branches represent Irig larger rills 
which join to form larger limbs like g^jllles until all Is converged 
into U>e tranJ< or main channel. The rills result from the scouring 
action where the flow and vt^loclty are enough to deiach and transport 
soil material. 
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Unit 2. I^edictiiy, _Soil Losses 
Purpose and Slgnlflcancei 

T)Us unit will discuss the use of Uje Unlver&al Soli Loss Equation 
in predicting raljifall erosion losses. Plannliig for erosion and sedi- 
ment control requires a kiiowled^e of the factors that cause soil erosion 
and those that prevent it. We must be able to determljie the erosion 
hazard In quantitative terms before we can decide how to control it. 
This milt V.111 prepare you to answer Such questions as, "Just how orodlble 
will the subsoil at this site be if exposed by grading'^" or "How will 
erodiblllty differ at different depths of cuf" ; "Vhere are tho most 
hazardous areas'"; "li^here art the least hazardous"^" Also, "After all 
possible erosion control measures have been taken ,^ >^hat are the prob- 
able soil losses, and what sedljncnt control measures will be required?" 

This unit builds on the knowledge of the nature of the process of 
erosion which you acquired from the previous unit. It will give you 
rather definite quantitative values for the Influence of soil, rain- 
fall,^ length, and gradient of slope and of vegetation in tlie erosion 
process. It win help you to understand the interrelationships between 
these factors. 

Objectives j 

When you have conplcted this unit, you will be able to, 
1. Write th'3 Universal Soil Loss Equation. 
I?. Name and explain each equation factor. 

3. Give data for a spoclfic location and site, using the USLE 
estijnate the expeclod soil loss in tons per acre per year or for a 
given period under various cover cundltlor^s. 

Content 1 

The basic references that you will need for this unit are the con- 
tent which follows and ja a in Appendix B which was taken from Predict - 
ing Soli Losses in VixKinia , U.S. Soil Conservation Service, Richmond, 
Va., 1975. 

The dovclopfTicnt of equations for cstlnviting soil loss began in the 
early 19^^0*5. Forerunners of Uie present equation proved their value 
as tools in conservation planning. T)icsc early equations had some short- 
comings, particularly when attempting to use them in parts of the country 
other than where thoy were developed The present equation was developed 
in thf 193^ I^ta fror erosion control research obtained since the 
early 1930's was a^^'^cmblej and analyzed at tho UoDA 3oll Loss Data Center 
at I^irdue Dr. 1 w-crsi ty . The rcsul"t is called, "The Universal Soil Loss 



Equation." (Ref. }) This equation Is used to predict sheet and rill 
erosion. 

The Soil Loss Equation Is i A " RKLSCP,, wheret 

A, Is the computed soli loss Ln tons per acre, 

R,^ the rainfall factor, Is the nuinber of eroslon-liidex units Ln 
A normal year's r&in. The erosion index Is a measure of the 
erosive force of a specific rnin. Vhen other factors are con- 
stant, storm losses fron raljjfall are directly proportional 
to the product of the total kinetic energy of the storm times 
its maxlinum 30-mlnute intensity. 

K, the soil erodibllity factor, is the erosion rate per unit of 
erosion index for a specific soil In cultivated continuous 
fallow on a 95^ slope 72.6 feet long. This unit is in tons 
per acre. 

L,^ the slope length factor, is the ratio of soil loss from the 
field slope length to that from t)ie 7^.6 foot plot. 

S, the slope gradient factor, is the ratio of soil loss from 
the field slope gradient to that from the ^ plot slope. 

C, the croppin^-management factor, is the ratio of soil loss 
from a field with specific vegetation or cover and manage- 
ment to that of the standard bare fallow condition. This 
factor reasures the combined effect of ail the Interrelated 
co'^er and nvanagement variables plus the growth stage and 
vegetal cover at the time of rain. 

P, the erosion control practice factor is the ratio of soil 
loss with the practice to that from a field with no 
practices. 

Soil erosion by water is Influenced by rnany variables,^ as you know 
from the previous unit. The soil lu..o equation isolates each variable 
and expresses its effect as a number, li^en the numbers for each variable 
are multiplied together,^ the product is the anount of soil loss. In 
using the equation for any given situation, the numerical value of 
each factor is fixed. TKat is, there is an aroa of land with a certain 
slope gradient and slope length on a specific kind of soil with either 
a bare surface oi some type of vegetation and/or mulch cover on the 
surface. These numerical values are readily available for the soils, 
slope, rainfall, and vegetative conditions you will encounter In Vir- 
ginia. The equation estimates sheet and rill erosion. It does not 
consider soil losses caused by gully erosion. 

R, the rainfall factor was reported by Wischmeier In 1959. (Ref. 
9) Values for key locations tn Virginia are given in Appendix B, 
page 3-6. 
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The R value was derived after analyses of over 8,000 plot years of 
data. It reflects locatioiial differences due to total eroslvlty and 
distribution of <iroslve rainb. Thti dnalysls of data ruled out the con- 
clusion tltfit significant soil loss Is associated with only a few rare 
stems. The results of more than 30 years of measurements show that 
annual soli loss Is the result of the cumulative effects of many 
moderate sijzed stems plus the eJ fec-ib of 1he occasional severe 
storms , 

Research datd show that wtien other factors are held constant, the 
soil losses per storm are directly proportional to the product of the 
total kinetic energy of the storm tljnes Its maxlirtujn 30-rfilJiute 1ji tensity 
(Erosion Index - El). This erosion iJidex reflects the combljied ability 
of raindrop iml^act to dislodge soil particles and of runoff to trans- 
port tiie dislodged particles from the field, Ttia term 30-fTilnute inten- 
sity means the intensity of the 30~minute period with the greatest 
average Inton'iity of a storm. It can easily be obtained from a record- 
ing rain^agc. It is in Inches per hour. The energy of a storm can be 
computed fron data cn a recording raingage chfrt and tables of rainfall 
ener>o^ . 

The usual R factor is the average annual value of the erosion inde 
Appendix B, page B-?,^ indicates R value probabilities for R values 
that might occur one v ear in five, and one year in twenty. Although 
R Is the average annual va'^ue, data is available so that the erosion 
Index for any part of the year can be determined. Appondijt B, page 
B-?, also gJLves the percentages of the annual R which occur in each 
month. 

The soil erodibillty factor K for a particular soil is the rate 
of soil loss In tons per acre for one unit of erosion index from 
standaxd plot. Standard plots are 72.6 feet long and 6 feet wide. 
The K value Is the only quantitative value in the equation. The 
first K values were determined for ^3 iriajor soils on which plot 
studies were conducted. K values for most other soils were estirriated 
by comparing thoir characteristics with those of the 23 soils on 
which K had been established. In 1971, Wlschmeler presented a nomo- 
graph for the doternlnatlon of K. (Ref. ^) This was referred to in 
the previous unit when describing the soli properties which influence 
erodlbllity. The K values for Virginia soils are given in Appendix 

pages B-8 to B-26 for named soils. For determining K on other 
soil materials the nomo^^aph, Figure 12 Is used. 



To use the nomograph, you will need the following data i (l) 
% silt •+ very fine sand (.002 to 0.1 m.m.); (2) % sand (O.l to 2.0 m.m. 
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yi^e 12, Soil Erodlblllty Nomograph 




Reprinted from the Journal of Soil and Water C»nservation 
September-October 1971,^ Volume 26, Numbet 



{')) % organic rratter; ,('0 lypf» of soil structure * (Code 1-very fine 
^JTranular, Code ?-flne ^pranular, code 3-'Ticd lujn or coarse granular, and 



* IHructure i's the arrangement of the prljnary soil particles Into lumps, 
granules, or other a^;i:xGr,a U' ^ . The structiure is often described as weak, 
moderate,^ or strong to cxpresc the durability of the aggregates, but 
this characteristic i:. 'loi represented In the nono^aph. The size of 
the a^,f7repatos arc descrllx^d as very fine, fine, medlu;n, coarse, and 
very coars^. Af.;^'xet^atc shape is i^eGcrlbcd as ^anular, platy, or blocky,, 
S tructurc-loG^ ^.oils, In which the particles arc coherent, are de- 
scribed as massive. 
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Code i*-blocky, platy, or massive); and (5) pormoability (l-rapid, Im- 
moderate to rapld,^ 3-i^o<i»2rate , U-slow to moderate, 5-slow, 6-very slow). 
Refer back to Figure 10 for chart of texture sizes In various soil 
classification systems. 

The fivQ parajnoters used iji the nomograph can bo obtained from 
routine laboratory detenn ligations and standard soil profile descriptions. 
If you are usln^ UGDA mechanical analysis data, adjust them by subtract- 
ing the percent of very fine sand from the sand fraction and adding It 
to the silt fraction. All data should be for the upper 6" to 7". This 
xould be the newly exposed layer on graded areas. Enter the nomograph 
with percent silt plus very fine sand on the vertical scale at the left,. 
Proceed horizontally to Intersect the correct percent sand curve (for 
values falling between the curves make a linear Interpolation), then 
move horizontally to the right. If the structure is fine granular 
and the permeability moderate, the K can be read from the "first 
approxljjiation of K scale" on the right-hand margin of the nomograph. 
If str\jcture Is other than above, proceed across to the appropriate 
structxAre curve In tlie second section and vertically downwprd to the 
appropriate permeability curve ,^ then horizontally to the left to the 
K scale. The nomograph has proven to be very accurate when checked 
against actual field measurements of K. 

Slope length is the distance from the poiJit of orlgijn of overland 
flow to either the point wt^ere the slope gradient decrease enough to 
cause deposition or to a point where the runoff enters a w^ll defijnod 
channel. The slope gradient is In feet fall per hundred feet (percent). 
In the equation, length L and slope S are handled as one factor, LS. 
It can be obtained from Appendix B, Table 1, page B-1 , Measure actual 
slope length and grade from the area under consideration ijn the field. 
It would be satisfactory to pace off the slope lengUh and measure the 
percent of slope with an Abney level. Obtain the LS factor from the 
body of the table opposite the percent slope and In the column under 
the slope length. The 1^ factor Is the expected ratio of soil loss per 
unit area on the "ield slope to the corresponding loss from the 
standard plot on ^ slope 72.6 feet long. 

Witn the factors discussed thus far, an estlinate can b»i itade of 
soil loss on bare construction sites. For example j 

For a site location In Rockingham County R I5O (Appendix B, p. B-6) 
Soil Is rXif field, surface horizon, from Appendix B, p. B-lU; 
K « .32. The slope is 200 feet long and 10?C gradient, from Appen- 
dix B, Table 1, page B-1, LS - 1.9'^ 

For bare soil C and P are unity. 

A - RK(LS) 

- 150 X .32 X 1.9^^ 
A 93'12 tons per acre 

Assvme that this same area was going to be bare only from June to 
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Aut5^st 30. 

rron Appendix B, jxi^e B-7. under "Moun tains 4 Valleys" June has 
of annual R, July 2%, and August 17%; or 62% for the three months. 
Sixty-two % of 130 - 93. 

A - 93 X .3? X 1.9^ 

- 57.7 tons jier acr*» (Note» This Is the most erosive 

period Oi the year.) 

In the second example above, If mulch at 2 tons straw per acre Is to 
be applied to the area and anchored ^jnmed lately after the vegetation Is 
removed,, the losses would be i 

A " R K(LS)C 

» 93 X .32 X I.9U X .03 (C value from Table 2d., page 6a.) 

- 1.73 tons p3r acre 

Erosion can be estl;i«ted in the same manner as above when surface 
conditions will change during the time period you are dealing with. If 
an area Is to be bare one month before seeding and mulching, calculate 
the soil loss using RK (Lo) only. The R value must be calculated by 
taking the percentage of total R which occurs in tha. month from Appen- 
dix B, page B-7. For example,^ If August 1g Uie month, \7% of I30 - 
23.3 " R for August. The R for the remaining time period tiiat you are 
concerned with must be obtained in the same way, and the C factor for 
mulch Is obtained from Appendix B, page B-$,; lable 2d. 

Vhen conservation practices, such as diversions or interceptor 
dikes are used, they simply alter ti.o slope length. The C values for 
mulches, given in Table 2d. of Appendix B, should ho, used on slopes 
below 10%. There Is evidence which indicates that higher G values 
should be used on slopes above 10% grade. Also, as slope length in- 
crease alxDvc a certain maximum level, the C value rises rapidly. Tenta- 
tive values of C proposed by Vlschmoler arc given In Table ^. 

The pqua \yM\ will ^vive many uses In evaluating the erosion hazards 
on construction sites. If K values are needed lor soil material be- 
low the depths given in Appendix V, they can be easily determined by 
a soils technician frnm '»-lnch diameter soli cores taken at the site. 
Tho K can be obtainod, using the nonograph. Having this infonnatlon , 
it raay be possible I0 adjust planned depths of cuts to terminate 
either abovp ur bolow highly cro^ilble layers. The relative advantages 
of slope shapes nay \>i determlr^eJ by 'Credibility of the exposed 
material. Dec Ion ^ on whe'hitir 'jpsollln^.; Is needed may res 1 on 
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Table Tontativo Values Of C For 
Various Mulches And Slope Conditions 



Maximum 



Mulch 


Ton 


Slojpo 


C Value 


Slope L€ 




Tons/Ac. 


% 




Ft. 


Type 










1 . None 


0 


All 


1 




2. Straw or Hay ,^ 


1.5 


3-5 


.12 


300 


tied down by anchor- 




6-10 


.12 


150 


ing or track iri^ equip- 










ment across slope 


2.0 


3-5 


.06 


i^OO 






6-10 


.06 


200 






11-15 


,07 


150 






16-20 


,11 


100 






21-25 


,1^ 


75 


3. Crushe<l Stone 


60 


15 


,17 








20 


,17 






135 


15 


,05 


200 






20 


,05 


150 


^. Voodchips 


7 


15 


,06 


75 






20 


.08 


60 




12 


15 




150 






20 


,05 


100 



1/ If straw is not anchored, rillijig luay occur beneath it. Ln such a 
case, C values should be doubled. 

2/ As lengths are Increased beyond these limits, the C value would 
rise rapidly ^nd apuroach a value of 1. This would ^eatly In- 
crease the predictti loss. 



erodiblllty of the exposed layer. 

Check your grasp of the Universal Soil Loss Equation by answering 
the following questions 1 

1. Vrlte the Universal Soil Loss Equation. 

^. Name and explain each factor in the equation. 

3, Determine the soil loss for each of the follcwi:ig situationsi 

a, A ten-acre construction site in Loudoun County is to be 
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gradod March 1, and will be under construction one year. The soil type 
Is Glenelg, The slope Is 10^ and the slope lor^th Is 350 foet. Grad- 
ing will not oxcocd 2 f eo t In depth. Vhat Is Uie estimated total soli 
loss fron sheet and rill erosion Lf left bare the whole year? 

b. If the area was left bare until May 1,^ then mulched and 
a tenporary seeding made, what would be the soil loss? 

c. What would the soil loss be If l/? the area were graded 
3 feet deep and the whole area remained bare? 

SxiJimary » 

The Universal Soil Loss Equation lsA"RKLSCP. 

A l3 the soil loss In tens per acre from sheet and rUl eroalon. 

R Is the rainfall factor. It Is the number of erosion Index units 
In A year's rain. The erosion Index Is a Tjeasure of the erosion force 
of a specific rainfall. 

K Is the soil erodlblllty factor. It Is the erosion rate In tons 
per acore for each unit of the erosion Index (R) for a specific' soil In 
cultivated continuous fallow on a 9 percent slope 72.6 feet long. 

L Is the slope length factor. It Is the ratio of soil loss from 
the field slope length to that from a 72.6 feet length on the same 
soil type and gradient. 

S Is the slope gradient factor. It Is the ratio of soli loss 
fror field gradient to that from a 9 percent slope. 

C, the cropplng-managemon t factor, Is the ratio of soil loss with 
specified cropping or vegetation and management to that from continuous 
fallow . 

P Is the cx'oslon control practice factor. 1 1 Is a ratio of soli 
loss with a specified practice to tivit from straight-row cultivation 
up and dovn slope. 

The soil loss from a ten-acre site left bare from March 1 for a 
full year would bet (C and P are unity) 

A « R K (U3) X 10 acres - I30 x . 32 x 2 . 33 x 10 = 122^ tons 

If the area was hare from March 1 to May 1 then mulched and 
seeded « 

A = R K (LS) C for March and April 

R for March and April Is 10 percent of annual or 13 

.\ - 13 X .32 X 2.53 X 10 - 122.^ tons 
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Tor Ma> through Fehx-xiaryi 
A - R X (LT)) C 

whore R Is for May through February " 133 
wt^ere C Is 05 

A « 135 X .32 X 2.55 X .05 X 10 - 55.08 tons 
122.^ plus 55-08 - 177.^^8 tons for year. 

If tho safne area wore bare all year and one-iVilf had been graded 
3 feet doep, ar/i slope remained 10 percent and 350 feet longi 

A - 150 X .3: X 2.55 X 5 plus A - 150 X .^3 X 2.55 X 5 

- 612 plus 822.37 

- 1^*3^ tons. 

These problems Illustrate the versatility of the equation. In 
actual pmctlce, In part two of the problem, the C factor for May 
through February woiUd be slightly lower. The O.05 would prevail 
while the 2.0 tons of Hed doWD mulch was the sole protection. 
Vogetatlon woul'l btjgin to Improve the cover after the first nonth 
'^o that a G of about 0.02 woulJ be applicable --- probably in about 
two months. 
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Unit j C^vaim^el flli'osion And otorffl Watrr Mana/^oment 
I\irpoae anJ S Ign If leaner i 

'I'll Is unit covers some aspects of cKiatifil erosion, and aorae of the 
effocts of urbanization on cNuincls, Those effects ar« described and 
U lustra ted . 

A knowledge and an approelatlon of the factors affectLn^ stxoam 
charjiel ci > ii.n and of tiow urbinlzatlon Influences runoff Is essential 
In making a reasoned response to the btorm water manag^roont roqu Ire- 
men t<5 jn the VVrglnlA Erosion and Sedli^cnt Control Prograre , This luUl 
dealb with tho (j;eni;ral cfmr^t'S that occur with urbanisation. It dis- 
cusses the direction of these cf-yin^es. Methodology for de terra In tiig 
the magnitude of Un'se chanf^es will be covered In iUrt III, 

Object Ivesi 

1, Liflt abuses, wiilch ofteii occur with development, which cause 
cfMnjriel erosion. 

2, Lir>t the flow (Jvaracterlstics which cause channel erosion, 

3, Refer to U)e factors which affect volume of runoff (Objectives 
under Plosion IVocess) and explain how runoff volume changes raj^ht 
affeot channel erosion. 

h. List the factors which detennin*> velocity of runoff in 
channelized flow, 

5, List factors which determine turbulence of flow. 

tT. Explain how urbanization aflect volu/iie and velocity of run- 
off, travel lljnc, 1 ijnt' of concentration, anci f^ik discharges. 

Content : 

Itil^i u/)l' Is concerned with Uie erosion and sedimentation which 

otcurj ir the well defined pf.'rmanent waterLOurses both on the develop- 

iT^ent site and off site. 

Some of the most darruiflng c^vinn^l erosion is caused by the con- 
Gtnjctlon activities. In the relafWely st>able small streams, tiie 
upper ;x?rtlon of the btinks b^^come lijriy well vegetated. This vegeta- 
tion jTrotects the baiiks from flows which arti hil^^her than tiie nomvil 
flow. Vegetation along the floodplaiJi al.so provides protection. It 
pTon^cts by ^lowij^, the runoff wtiich comes from the adjacent land and 
spills ovei thr banks and intn t-he -Arean. Careless construction 
artivl^i<^G may l^stroy the bank an:! floodplain vegetation and leavj 
the lanks vuln^'rabl^' to erosion. Cenei^l construction trafffic may 
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cau30 damage If allowed too near the banks, Caxoloaa gra(llrv5i unpro- 
toctod stroam crossings, and other activities which destroy the vegeta- 
tion on and near the banko will load to erosion damages. Also, 
temporary construction roads or other works inay concentrate runoff, 
bringing It Lnto iho stroan in such a way as to cause erosion. 

The changes which usually occur after urbanisation are described 
by Guy. (Rof, lO) Ur'ban construction U usually followed by « 
period of rapid channel erosion If no control measures aro Installed. 
Channels, which prior to development were relatively stable, have 
been oboerved to coaplotely unravel during the first few years after 
development. It Is the tremendous potential for dABiage, the causes, 
and possible cures that will be examined. 

Channel erosion was defined In the unit on the erosion process. 
It Is essentially the aaaie process lhat occurs In rills and gullies. 
Flowing; water Is both the detaching and transporting agent. The de- 
taching capacity of the flowing water Is determined by Its velocity, 
turbulence, and by U\g ajoount and type of abrasive abater lal that It 
carries. If Uie flow Is alrea^ly carryings sediment up to Its total 
capacity, It wlU not be able to detach and carry mor^ fron Uie par- 
ticular reach of c^iannel under consideration. Since urban devclop- 
nent Is usually followed by a period of rapid stroan or c^vannel ero- 
sion, some of Uie above factors presumablor are changed by urbanisation. 



Figure 13. Urbanisation Has Typically Provided 
Kor-Rapld Conveyance Of otorra drainage 

(T>ii8 structure will i-^andle water safely on this 
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Loopold tUscubSt'S relationships b«itwoon land uses and stream 
c^v-MLMcl c lui-actoi Isllt s , iH"f. n) Ho pc^lnts out that stroan ch^nncia 
forre In response to iiw rt'KlJrion, or chur<iott*r 1st Ic Ix^tuvlor, of thu 
flow. The two prL'iclixil factors guvoniln^, i.'^var\^,os \j\ the iJviracter Is- 
tlc IwhAvlor of the flow ar(» Uio pt3rce;itAge of t>ie ar«a tnade Impor- 
vVous by 'irbiinlzat Ion and th« o^vin^os brought about In conveyance of 
water rrom thu> dovt*lo^Xid area t;iruu^h provisions for storm drainage. 
Urbanization greatly inortvist'b tho l^np^T v lous area, and It usually 
provides for nipld conveyance ol storn runoff to the point of disposal, 
Tht^se changes lnnui«n>.e tJ^^• numb^ir of ttmei, tl'wt t>ie norrrwii flov rises 
In respon-st' to runofl. Tln^y liifluuni^e the j^eak dlscUirt/jf and discharge 
dui'dtlon fr^im these evon+s, and they may ^har^e the dmoujit of sedlinenl 
carried by th<^ rises In flow. 

The volujne uf nuioff Is telated to types of trver, land slope, 
an<l Inf lltrti tlon capacity of the soli. Volume Is directly related to 
the jx'rccntaf,e of the area covered t)y Impervious material such as 
sti'cets, ptirklnf, lots, and roofs. Leopold svurunar laes some data on 
the relationship l>etween lot slse and {xjr^enta^^c of impervious area 
for residential areas: 



7>"ie p^r_N : i e u Lripi.'rvlou5 area iruy 'drop below percent for 
ievelopments of .-^cr*^ lo^ *n^e. 

Th»» in^rici^'^d vol'iiTu> 'jf ninofl which rc'jults from yarlous per- 

cnla^es L-piTvl ,as a3 ca obvlouhly auot In-rcases In flood peaks. 

Typical dill '"ranees Ootw^MTi ninoff frf^n an area tjoforp an 5 afiei 
ur bar.l/a ♦ lor, is pr^serit(\i *^aphically in i-^ 14. 

It wa^, m'^ntionei f^arller t^iat stream rtwinnels cK'^n^c in size in 
re-^{>onse to * he .-hvira ^ri '-vU^vloi of the flows. Studies have 

^hnwn that thoy out and -rviintxiln cfvinnelr. which cany a discharge 
si iji^t.tly srkailei thuin thi" 'ivrrai:;p arjuial flocxil without overflowing 
the bankr.. Th" r"' iirr^^n^ Lri'er/al of thio >Tunkfull flow In must 
rivers i''> r*nwtM>;i l-l/'^ t.- yvir''. , 4rL'^ ia"lnni2atlon tend 3 to in- 
rr^'^aoe fl .fx:i( li-ii^rnial ^r ; hi 'ii i ^'ri area, the recurrence inter- 
val of bfir^klull f]".*/''- will mnr- >rten than 1-l/r to ^ years. 
L' )iioid * ".li-natol tha* i^^r^inr f i o*-!* square mile 'iralnar.e area 
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Figure 1^. H>potliotlcal Unit Hydrot^raphs 
PefOT'^' Anci After Urbanliia^ Ion 




TIMF, It HOURS 

sew'^rc! , an] .'0 p-^rcent jLTii^jrvioao c^v-r, IxinXfiUl stage would Uien 
occur iibou* two li/nos -i vai. Vlih 3O prrconl ^oworod and 3O percent 
inp'^rvlous, Vt would TiL-arly f'^ur IIpi^-g a yvir. Figure 15 
lllur>trati's 'hf^se chaiu'.oj. 
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Figure I5. Incrijase In na-nber ol flows per year eqiial to or exceeding 
original channel capacity (orif^ squart3 f. ilo iraina^e area),, 
aij ratio tu numb.': of overbank flows b.}fore urbaniaation 
for ilfft^rent degrees of urbanization. (FYon-i: U. S. 
Geologic Survey Cijrc. 55^0 




Percent Impervious 20 4 0 ^0 60 60 

Hone Doqro«» of Urbanization Complete 



The lncrna^od numbtu' of bankfull flowb and nearly bankfull flows 
cause the or inal channel io erode. It will coni Inue to adjust to 
the chan^Ob lin^U a ch^nn'^1 that will h-iandle tho new average a*in lal 
flood iG formed. Leopold illustrateo this ur^ij^s a slightly le^^ than 
01. '-jquare mile drainage baslr 1ji thp Brandy wine River Watershed Ij^ 
I'f'nnsylvania . Rof jro orbanizat ion , a c^iannel carrying 35 cf'~ at banJk- 
full sta*/>e woul i handl'"' the avera^-',c annual flow. Urbanization could 
cause this flow |o increano /.? tijrips or 1 3O cfc. The channel would 
adjust In l"5opi;ty,' witri Uir new f i jw characteristics. 

Bo f or 0 After 

3lr,'^ of Chaanol / ft. Je'^p, 11 ft. wid^ 3 ft, dc^p, ? ft. wide 
V^locl^y ft./3Pc. :\3 ft. /sec. 

CapaciV S^, rfs I3O cfs 
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If such an adjustment takes place in one mile of chaiinel , the 
erosion would produce 10,000 tons of sedijnent. 

The adjustment iji chrnnels takes place because of the Increase In 
the nunber and size of high flows. Velocity Is higher for these flo^s 
than for pre-urbanizatlon flows, and since turbulence increases with 
Increased velocity, it Is also higher. The channel adjusts in size 
until the nunber of those erosive events Is about the same as before 
ur^nizat ion. 

In addition to the devastating erosion and sediinent problem,; there 
arc other damaging aspects to this channel enlargement. The increase 
in direct runoff and decrease in infiltration mean less ground-water 
recharge to sustain low flows between the rainfall periods. This mal- 
adjustnent causes a very unsightly channel during low flows. Hiroslon 
has denuded the banks, and thie bed Is apt to be muddy and full of 
dchtrls. The effect on aquatic life is to decrease numbers and variety. 

All of these damages point to the need for measures vhlch will 
counteract the effects of urbanization. The measures should Increase 
Infiltration to the extent possible and provide flood storage and 
controlled rel'^aac to maintain the pre-urbanlzation flow characteris- 
tics as much as possible. 

Practices which increase Infiltration are i the use of swales 
along streets for water disposal instead of paved gutters and curbs; 
the use of cluster development, planned unit development, and other 
arraasei^oi.' which pi.;vide the planned number of housing units with 
a nlninum of rooftops and paved areas; and the use of pervious pav- 
ing materials. Both undcrf^ound and surface storage facilities of 
various types can be used to store excess runoff. Release facilities 
could control tho flow to keep It to the level which prevailed before 
development. 

Read pages 1-1 to 1^ of Appendix C ,; USDA , Soil Conservation Service 
Technical Release No. 35. Then test your grasp of this unit with 
the question': b'jlow. 

Questions j 

1. Briefly describe some construction practices which are often 
damaging to stream channels durin^^ construction. 

2. Name tho flow characteristics which cause channel erosion. 

3. Explain how changes in the volume of runoff might affect 
channel erosion. 

'i. Name tho factors which j.ff^ct velocity of runoff in channel Iz^ed 

flow. 
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5, List the factors which deterrriijie turbulence of flow. 

6. Explain how urbanization affects volujne and velocity of 
flow in charuiels . 

Sujanary i 

Construction activities which destroy streambank and adjacent 
vegetation or bi'in^ In concentra^-d flows at unprotected points will 
cause stream cl^iannel erosion. Uncontrolled traffic, careless grading,^ 
the use of unprotected crosslngb, and other activities which destroy 
vegetation are exanplos of these destructive construction practices. 

The flow characteristics which cause erosion are velocity and 
turbulence of the flow plus Uie amount and type of abrasive material 
111 the flow. The Increase in volume of runoff fron urbanized areas 
causes higher peak flows in the channels and hence higher velocity, 
l^lnce turbulence also Increases with velocity, It aadvS to the ero- 
siveness of the flow. Tt\e nujnber of high flows per year also Increases 
so the channel is not only subjected to higher velocities, but also 
more of ton during the year. 

Depth of How, gradient, and roughness of the channel bed and 
banks determine velocity of the flow. iTie depth of flow is the main 
factor which is increased by development in the watershed , If the 
channel is realigned or Snoothcd during development then the grade 
and roughness may affected. 3tra Ightening the cnannel would in- 
crease the f^rade and hence the velocity and smoothing would reduce 
the roughness or rfMar^arice and thereby increase the velocity. 

TYirlJulence increases with velocity and with increased rough- 
ness in the channel . 

Urbanization increases Iho voluine of nuioff by covering part of 
the wa + er5ho<i with ini pervious streets,, roofs, and parkiJig areas. 
Gutter r and storm sewers hurry the runoff to the channel. The chief 
reason f^-^r increased volujT^e is the ini pervious cover. VolocHy 1-- 
higher in thr flows of increased irpih, and it will also increase if 
the runoff is flow^^g over smoother si^r faces than It did prior to 
developnient , 
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Unlt ^ . The Sedim entation Process 

Purpose and Sl^lflcancei 

This unit discusses sources of sedijncr.t, transport, yield, arid 
deposition of sedijnent. Transportij^ capacity will be related to 
characteristics of U^e material transported and characteristics of 
the transporting flow. The factors governing the deposition will 
be discussed and related to types of sedijrient rraterial, 

A knowledge of all of these items is essential to the development 
of a complete erosion and sedijnent control plan. It is particularly 
ixnportant In planning and designing the second line of defense in the 
system, the sedijsent control practices. 

Objectives t 

1, IzidlcatG the sources of sediment, and discuss the relation- 
ship between source and size of material. 

2, List the factors which detemino the sedijTient load. 

3, DeGcrlbe the behavior of the various sizes of soli materials 
in a flow. 

U. Explain how sediment is deposited. 



Sedimentation includes erosion,' transportation,^ and deposition 
of sediment. The first unit in this part discussed the erosion part 
of the process. In this unit, our main concern with erosion is as 
the source of sediment. 

Sediment is transported as suspended rnaterial in the flow, as 
material bounced along the bed and as material which slides and rolls 
along the bed. As one would suspect, the suspended load is nacjc up 
of the very fine materials. Clay and colloids are generally evenly 
distributed throughout the flow. Silts are rnore or less evenly dis- 
tributed in turbulent flow, but have a tendency to be more concentrated 
near the bottom. Sands and larger material bounce, roll, and slide 
along the bed. These are referred to as the bed load. 

The nature of the sedijnent is primarily determined by the source. 
Splash erosion and associated sheet erosion remove fine materials. 
These materials are carried as suspended load. This material, par- 
ticularly the clay,^ stays in suspension for long periods of time. 
The amount of the very fine nv:iterlal moving in a flow is related to 
the rate of supply of the material. It is seldom present in anounts 
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cqvial to the carrying, capciclly of tho flow The dmount of these 
materials supplied der->eniis or th^ -boll mattirlal ,v\kt»-up, th<j rebl stance 
to de tachj:ient, and the detaching; capacity of tne erosive a^^ent 

The amount and typt' of bed load are related directly to the flow, 
The movement of bed load tends to be In balance with flow conditions. 
This has an Important bearljng on channel stability. If the flow be* 
comes loaded beyond its trans}X)rt ing capacity deposition occurs. 
However, if the load is leSvS than the transporting capacity, the flow- 
ing water attacks the ch\annel in an ^'ffort to ac^iieve the balance be- 
tween load an(i capacity. Any change in sodimont load or In flow 
c^iarac teri St ics will have an effect on channel stability. Velocity,^ 
turbulence, and the size and type of rnaterials available are the 
prinvary factors determining the sedlnent load. 

Deposition of sediment is the inverse of erosion. It occurs 
when the carrying capacity of the flow is r(»duced until it i^ less 
tlmn the sedliient load, Vhen flow is cUifiinisht^: , the coarser frag- 
ments are deposited first. As it continues to dljnlnish,^ smaller 
and s.TViller i-ftrticles ar" deposited, Deposition, like erosion, is 
a seleotlvo jTrocess which results in a fcradation in U"ie size of 
material In sedLiient deposits , 

-Pediment dopo'iits irviy occur on land or in vai ious forms Iri bodies 
of water. 

Deposits can occur or, land when the runoff frorri slopes reaches 
more geptly sloping land. The runoff loses velocity and hence the 
capacity to cjirry the s*;dlment load. Runoff flowing.:; from bare to 
vegetated areas will also lose carrying ca^iacity and deposit some of 
its load. 

Dt»f>osit'~> occur in water as a faster flowin^^ stream flows into 
a slow ^novinf one or Into a pond, lake .rc.u^rvoir, or ocean, A stream 
roachlng a lower ►;radlent c^vinnfil will also lose carry bi^-;; capacity 
anj forr deposits if the load it is c^irrying ''xceeds the new carrying 
' aji.1 \ V 

To develop af]<>quate sediji^ent r(>n trol wc need to know the source, 
amount,: and nature of the sedlni'^nt. If tho riodljnent is mainly from 
splash and ar.sociated sheet erovslon,, th* n land treatment is the most 
appropriate control >cJlmcnt trap-: ,ipd ba';ins are much less efficient 
bi trapping thr v"ry fine material fio^Ti this typo of erosion. If the 
ruiterial is mainly ervirsf' nvitt^rial fron f;allies and c^iamiels, there 
arr two ways to (.ontrol the eroc.ion, Onf^ is to altor the flow charac- 
terlvStlcs by rcducin/; fTrades, wlijpninr; crosn ooctions, and reducing 
turbulence, or by r'jducin^; the flow with the use of reservoirs. The 
other is to pro v id*" some protccliv'e cover to the channel banks and,; 
pex-haps, to the h*\i. 
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Vhen erosion cannot be controlloU at Itb source th^'n sedlinont ma.y 
be renove.j lYom ihe :low before fc;oln{^ off-site by the ase of bcdimcnt 
traps or sediment basins. 

Questions i 

1. What is the prljriary source of the clay and silt naterials in 
the sediment load'' Of the sands and coarser mate^ ials'' 

Z, 'ilhai factors determine the sediment load'' 

3. Describe the be^iavior of the various sizes of material in a 

flow. 

k Explain why, how,^ and where sediment is dejx^sited. 



Tho primary source of clays and silts is from splash erosion 
Ihis erosion process is very selrctivy Coarser materials usually 
cone from ^:ullies and from chanjiel banks and bt^ds . 

ThG anoujit ol "lOdiment, ur sediinen^ lo<iiJ , iei>ends upon the energy 
of tlio movliv; w-atcr. Ener{";y Uicrcasos wiUi increased velocity. Velocity 
increases as ^pMdient in^reasrs,^ a=~^ depth of flow ij^crciases, and as 
chamiel roUf^hnos,'^. decreases. 

Colloidal m/H t erial s , su(,h as clay, renoain ^jU'3p<?nded in the flow 
and irovo alon^ as a p^ir' ^f It. l^ilts nuy suspended throughout the 
entire depth of Uirbulent flow, but tend to bo more concentrated near 
the bo t tor. .jar.ds and coarser materials us\ially bomice, roll, and 
slide along the chc'iruicl t>cd . 

bedijT^ent is de])OGited as the flow loses its energy. This happens 
when a flow spreads out into a more shallow flo^^ at the same Rrade,^ 
when the grade is; reduced, and when th»' flow enters a pond, lake, or 
other still body of water. 
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PART III CONTROL 

Unit 1 ?rlj>ci:ples of Erosion and Sedimen t Control 

Purpose and Sl^iif Icance i 

The prlziclples vmich are basic to tho planning and carrying out 
of effective erosion and sediment control are presented and discussed. 
Principles sure In two major categories. First are the principles which 
guide the sequence and tread th of the program for any given site. 
Second are the sp<3clf Ic "how to do It" principles of erosion control 
and sediment control. 

The principles relate directly to the things which you have al- 
ready learned about the erosion and sedimentation process. They are 
based on the need to neutralize the force of erosive agents and of 
transporting agents. 

An understanding of these principles and of the fundamentals of 
the erosion process wl\l give you the basic knowledge you viH need 
in developing an erosion and sedljnent control plan. 

Objectives i 

1, Name and be able to describe the three over-riding principles 
which guide the develoixnent of an erosion and sediment control plan. 

2, Name five principles for the control of erosion. 
Content t 

Thero are U^rec over-rldlng principles of erosion and sediment con- 
trol which provide the basis for all of your plan and desl^ work. These 
should become so In^grained as to provide a basic approach on each de- 
velopnent project. 

The three principles are: 

1. Erosion control Is fundamental to the whole program and rauot 
bo the first line of oefense. 

oealmrnL control ib a backup for the erosion control measures 
and Die 'second line of iefensc. 

3, Coordination of erosion control,^ sediment control, and control 
or rnana^enent of the flow of water leavliig the site to get a complete 
well- Integra ted program. 

That erosion control Is the first line of defense logically follows 
what wt hav3 learned about the erosion process. If there Is no erosion 
there caj, be no sediment. Control at the source of material prevents 
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both erosion Janva^es and sedlnf.vU danages. In some infjtances It may 
b<? the only wa^ to ^viv(> an aLceptablc level of control of the very 
fine sedljiients. In ina/iy Ijistances, in field Gltuations, it will be 
Impossible or ijripra c t leal to Impound water laden with this fine 
iTsatoiial for lon^ cnoug^l i^erlocis for It to settle out. 

Sediment control Is the becond line of defense. It provides a 
backup when all i.>osslblf} erosion control measui^is have been utilized. 
"Sedl/aent shovild \>i filtered out of the runoff water or allowed to 
settle out befort; the rurioff leaves tlie site. Care must be taken so 
that njinoff releajod from the site will not cause channel erosion 
ajvi sedlnent dama^o dowTistroam. 

ITiese llnor^ of defense must bo coordinated to achieve the most 
effective level of protection. This calls for coordination of erosion 
and sedlnent rontrol Items and coordination of U^ese wltli the overall 
plan for the developnent. Erosion control will seldom if ever be com- 
pletoly -effective during construction. It must be backed up by adequate 
provisions for trapping; sedij^enl before it leaves the site. To insure 
against downstream dana^^eo an evaluation munt be made to detomiine what 
l5 needed U) counteract the higher runoff which will oc<^ur after develop- 
ment. F^acllities should be provided to reduce the damages which could 
occur. Erosion and s>^dinf^nl control must be plannt'd alon^ with the 
total plan for thi' i:.lte. If this Is not done during or alon^ with 
the planning for the total dovclopmrnt, you will be left with limited, 
costly, and unsatisfactory options for erosion ^Md sediment control. 

'^^^ere arf^ several "how to" principles of eioslon control The 
first Is to fit the sp^iclflc land uses, including that used for water 
management, to the r^tural features of the site, such as soils, topo- 
f^^raphy, vce;etritive cover, and the natural liralnafje system. Avoid ex- 
posing', steep "rodlble soils to rainfall and runoff, f^rotcct drainage- 
wayo, streajns, and other v\;lnerablc areas jui in^ construction. Keep 
dlijturbance of critical areas to a minimujTi. 

,jecond, protract bare Soil from rain^ii'op inpact. Keep both the 
ar*3a of soil expose j and the len(!.:ih of lljne t^^t it Is exposed to an 
absolute nir;lmu;n. 'lenporary mulches and seediJV^s should follow /prad- 
Imr whernvf^r ."y->ihjt'. Jobv=-. should b<- Jono in sta^^es so that both 
tizTie of exposure and c^rea pxpovoed are kept to a mlnijnum. Jobs can 
also be staged to avoid the periods of most erosive rains. 

ITilrd, nwilnt^in the infiltration function of the land to the ox- 
tent possible. Ch'^ose layout and lesij^ns to minimize the amount of 
Imp^rviDus arM^^. 7^}taiii areas of unique natural ve(^,etation wfienever 
possible. K'H^p conpar.tlon due to traffic and construction machinery 
to a mlninujn ^xc'pt wh^re ronmc Mor. Is spf^cified for some structures 
as a noans ol impiovirv^ their stability. Don't confuse firming an 
ar»>a td L-njTTi'."^ 5' a^. a s^o'i^Mj with f^ompact Ic^n. The lattor would be 
e/cesslv* fr>i s'-'^db'^d pirp^jS'^s ano would Kroatly lji>r':'i»' runoff. 
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Fourth, keep runoff velocities low. Use nec^ianlcal measures to 
shorten slop»is. Avoid uruiecessary creation of steep gradients. 

Fifth, protect disturbed or bare areas from runoff which is 
generally off-site or on-site aroas above the disturbed areas. 

Sixth,, control sediment at the development site perimeter by re- 
tarding runoff and filtering or trapping sediment. Vegetative and 
mechanical measures cur, bl;ie to slow runoff In level spreaders and 
grassed waterways. Mec^v^nlcal measurt^s such as gravel outlet struc- 
tures, sediment basins, and sedl-ment traps ^low or hoL} runoff and 
allow sedlnent to settle out. 

oeventh, control the release of excess stormwater runoff which 
Is generated by the development to prevent cfunnel erosion both on 
the site and downstream from It. 

Questions « 

1, Name each of the three gxildirig principles lor developing an 
erovslon and sedl;]^ent control plan. Explain each, 

2, Nanie five principles for the control of erosion and sediment, 
Somnviry i 

Erosion control is the first line of defense in an erosion and 
sedinent control system. Controlling erosion means taking the energy 
out of erosive forces before they caji dislodge and transport soil. 
If tho measures taken here are effective enough, sedljnent control ma.y 
no t be needed . 

Sediment control is the second line of defense. It provides a 
backxip for the erosion control practices. Riuioff water should be re- 
tarded for long enough p<^rlods to allow the sediment to settle out. 

Coordlnatli^ erosion control, sediment control,^ and slormwater 
rnanagenent with each othei and with Uie specific land use and dev«lop- 
nent plans is tho third guiding principle. 

The "ho»J tc" prlnrlpler- of eroGlon control ijicludcj 

1. ?\i the devolopmrnt to the natural features of the site, 
avoiding; distur^nnc c of v^ry erndlbl'* soils. 

<\ i^ot('ct >)arc 30il fron raindrop ijmpact b> Uniting size and 
duraMon ■)f oxTY>sure. 

3, Malntaijj th-- natural infiltration function of the land by 
mininlzing e^^tcnt nf Imporvloj- area? and hy usln^, moar.ur^^s vtiich pre- 
vent 5cali;i^ of the ^>Ciil surface. 
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4. Keep runoff velocities low by noc)\anlcally shortenU^ slopes 
or by keeping gradients low. 

5. Protect disturbed or bare areas from runoff vhlch is generally 
off-3lto. 

6. Control sediment at the development site porlinotor by retarding 
runoff and trapping sediment. 

?. To prevent chamiel erosion downstreanj, control the release of 
excessive stomwater runoff which Is generated by the development. 
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Unit 2 . GontrQl Measure a 

I\irpode and Slgnlf IcAnco t 

This uz^lt prosonts a discussion of all of tho erosion and sedliBont 
control practices which are used Iji tho Virginia Erosion and Sodlraent 
Control Program. It Includos detailed study of the Standards and 
Specifications for practices In Appendix A, tho VlrRlnia tondbook . 
lY^ictlcos are related to the particular principles that they help 
sa t Isfy . 

Ln addition to the approved practices, plajinln^ techniques wtUch 
help to satisfy the principles are also discussed. 

Tho name, purpose, and applicability of each practice must be 
u/iilerstoo^l In urder to uStJ them properly In an erosion and sediment 
control plan. This n^cans knowing the lljnl tat Ions of each practice as 
well as you do their stren^i^th. Ihls unit on practices and specific 
plannLn>', teoh/ilques should be nvistered before we are re-ady to discuss 
U^)© planning process ^nd the developnent of an erosion and stxlljuent 
control plan. 

Objectives \ 

1, Nane each practice In Appendix A, tho Virgin la liandbook j wtilch 
provides prut*-ctlon by prutecMng baro «ji disturbed artjas from raindrop 
Impact, Give l^ie state^-i purpose and i.ondltluns where applicable for 
each , 

2. Name each practice which helps control erosion by keeping 
runoff velocities low. For those not Included In Objective 1, Rive 
the stated purpose and condition where applicable. 

}. Name the prRictlces which help to malntalji the Infiltration 
capacity of the soli. For those not named under 1 and 2, be able to 
give the purpose and conditions where applicable. 

. Narae the practices which help to reduce or control the release 
of runoff i r^in thie site and give the purpose and conditions where 
applicable for each. 

5. Name the practices used to filter and trap sediment before It 
leaves the site and give the cundltions where applicable for each. 

6. iJescrlbe planning tec^inlques or procedures which would t 



(a) Limit are^; and duration of bare soil expxjbure. 



(b) MalnUln Infiltration capacity. 
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7. Using Appendix C, USlVV-fCG TP '/j^^ arul given appropriate datfti 

(a) Use nothod In Appendix C, Chapter Z, and compute rui;off 
volume , 

(b) Name tho pai-ametors uscxl to detormino peak rates of run- 
off. 

(c) Given approprlato data, use the mothod In Appendix C, 
Chapter 3i corai>ute travel time, lag, and time of 
ccncentrat Ion, 

(d) Given appropriate data, use tho meUiods In Appendix C, 
Chapters k 5. to compute peak discharges. 

Content i 

There are several practices in the Vlrj^Uila Handbook which owe 
thelx effectiveness tu their ability to protect the soil from raindrop 
Imiact, Tho lowest coat practices are in this category and fortunately 
they are the most effective In controlling erosion. The practices are 
listed below and t-he fjQge number in the }^andbook Is cited. Read the 
Standard and Gpeclflcatlon In the }iandlx)ok carefully and be sure to 
learn the purpose and conditions where applicable for eacn pxuctice, 

lYactlces wt"ilch prott'ct soli from raUulrop Ijui^ict (pages cited 
are \x\ Appendix A ) i 



1. 


Disturbed 


area 


stabll Izatlon 


(.with mulching only) page 


III- 




2. 


Disturbed 


area 


stabll Izatlon 


l^wlth temporary seeding) 


III- 


■116 


3. 


Disturbed 


area 


stabll laatlon 


(wltii peruianent seeding) 


III- 


120 


4, 


Disturbed 


area 


stabll Izatlon 


(with sod) 


XII- 


■131 


5. 


Disturbed 


area 


stabll Izatlon 


(with IV?nnuda grass) 


III- 


135 


6. 


Disturbed 


area 


s+^bil Uatlon 


(with ground covers) 


III- 


139 


7. 


Tidal ba;\> 


: s ta b 11 laa 1 1 on ( vege ta 1 1 ve ) 


III- 





Also read Appendix A, pages III-3 and down to MechanUal 

Pr^ct ices , 
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Fl^e 16, Straw Mulch At Two Tons Per Acre 




In addition to the practices listed above, there are several plann- 
ing tf'chnlqucn and Jcvelopmont procediires which minimize the size of 
area of bare soli exposed to ra ^_nclrop f^roslon an>i limit the duration 
of exposurt' . 

1. Make ion and Godlment contiol planjiing a part of the total 
pldLnning job an'i chooso a layout wtilch will ^ncot the development objec- 
tives with the lea./ disturbance of the site, Layouts such as clusters 
and planned unit doveloiTnent^' will provide denoity equal to conventional 
development with a much lower percentage of disturbed area. 

2. v^.ta^^p the ^^xadin^; and con'Uructlon activities to limit the 
area dl^-."! urV^d at any one time. 

3. To UiP extent posGlble,;; scheciule operation's so that hazardous 
areas are not exj^oscd liurlng the months with hlf.hly '.rosiv^e rains. 

ochedulc temporary pi^actlce^ such as mulching; and temporary 
ncedln^-.s to iroTu-d la i o 1 y follow rourh PT^^d inr , '"f'e Fi^^iurc 1?, occd 
is often appllv\j tnroiif;h blowor alonr nlth mul'-h. 



69 



-61- 



Fi^uxc 1". Mulch Applied By Machine 




5. Provide designated and protected areas to handle construc- 
tion traffic and equipment. Avoid traffic up and down slopes, along 
drainage ways and s1 reams, and over unprotected stream cross ijngs. 

The above practices should receive first consideration ijn de- 
veloping an erosion and sediment control plan. They may be all that 
is needed on many sites. They definitely fall into the categoiy of 
first liJie defense. 

The second group of practices which should be considered are 
those which function to Keep runoff velocities low. Read Appendi:x 
A, pages in-^ to 111-8 and the cited Standards and Specil ications. 
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Flgure 18, Mulch Should Be Anchored 




All of the mulchijig and vegetative practices listed above help 
keep runoff volujne and velocity low by favoring infiltration and by 
retarding runoff. Mulch raust be anchored to be effective in slowing 
runoff . 

1. Land grading - Appendljc A, page III-33. 

This practice should be u^-^d only after careful study of the 
site, and care should be taken not to expose highly erodible raaterlals 
Grading; should usually be held to a minimujn both In area and depth. 
Long grades should be done In stages so that the entire slope is not 
exposed at one time. It functions to ellmir^te areas of excessive 
concentration of flow or even by removal of srnaller irregular areas 
where potential for gullying exists. 

2. Temporary Diversion Dike - Appendix A, page III-ll. 

This must be used In conjunction vith a stablized area which 
will provide a safe outlet. 

3. Temporary Interceptor Dike - Appendix A, page Ill-l^. 

Mus-t be usf^d In conjunction with a safe outlet. Both the 

temporary diversion ^i.d the interceptor function by shortening the 

slope. You can check the effect by using the USLE to estlruate soil 
loss with and without. 
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4. Temporary Straw E^le Barrier - Appendix A, page 111-20. 

Note U-iat this practice Is used only v^her. there Is a very 
snvall contrlbuti-ng area, and there Is no concentrated flow. 

5. Tenporary Levt-l Spreader - Appendix A, page 111-25. 

This practice nust be used only where the area which receives 
the flow is well vegetated and has a configuration such that water 
will not reconcentra te . 

6. Waterway or Outlet - Appendix A,, page I1I-C8. 

The dense vegetation of a waterway provides protection by 
reduciJig the velocity of flow near the soli surface. 

7. Diversion - Appendix A, page III-33. 

Fi^p^e 19. Diversions Shorten Slopes 




Thi's Is a more permanenl struct uic tlian the diversion dike de- 
scrUxM on peif^f^ 111-11. It influences erosion by reducing the length 
oi ">lop^, and cariring runoff at a saf gra-!'- to a siabUl^e^i ou Ic 

A thinl fxou]' of practices reOu^c^ erosion and scdlnentatir-r by 
hclpln/^ to maintain the Irflltratlon capridty of the soli. These 
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practices can nvaterially reduce the amount of surface runoff and ero- 
sion. 

1. All of the mulching and vegetative practices described in 
the first group.' These are the most effective practices to prevent 
sealing of the soil surface, 

2. Temporary Level Spreader - page III-23. 

3. Topsoillng Disturbed Area - page III-120, 

This will ser\e to Increase Infiltration when the topsoil 
material ha? a higher infiltration rate than the rnaterlal In the area 
to be covered. It will also aid establishment and maintenance of 
vegetation, which will in turn maintain Infiltration, 

There are several planning techniques and innovations which will 
help to maintain Infiltration In a development. 

1, ' Choose a layout for the development which will mlnljnize the 
size of the areas to be disturbed by grading and other construction 
activities. This will also serve to keep the percentage of land covered 
by roads and driveways to a minimum. 

2. Outlet road drainage and other drainage on well vegetated 
swales where the velocities of flow can be kept within safe limits. 

Figure 20. This well vegetated grassed water- 
way provided protection during con- 
struction, and remained as an 
attractive and functional feature 
of the de velopinent. 
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3. Uso erosion resistant pervious paving materials for parkiiig 
areas and driveways. 

^. Control or restrict traffic and construction equipment to 
reduce the amount of land which is compacted. 

3. Identify the natural recJ^rge areas of a site ajid design 
the development to inaintain their recharge function. 

6. Read Appendix C, Chapter ?, USDA-SCS-1^-55;. 

The fourth category of practices includes those which manage both 
runofi on the site and the dlscharj^e of runoff from the site. Practices 
ZiiA techniques which iT^aintaln iJif Utratlon help to reduce the volujne of 
runoff which must be handled. 

1. Waterway or Outlet - Appendix A, page 111-28, {Also helps 
keep runoff velocities low.) 

(Stone center waterways must use the Standards and Specifica- 
tions for Riprap to ratch size of Stone to velocity.) 

2. Grade Stabilization Structure - Appendix A,, page ni-}8. 

3. ^ Temporary Downdra Inage Structure (flexible) - Appendix A, 
page 111-68. 

Riprap - Appendix A. page 111-5?. 

5. Water Storage and Release Facilities. 

These practices are nox included in the Virginia Rroslon and 
Sediment Control Program. However, the Virginia progpran does require 
that an analysis bo made of peak runoff with the present use and with 
the use after development. It Is suggested that Appendix C, USDA-SCS- 
TR-55 ^ used to estimate the peak after dovelopnent . Storage and re- 
lease facilities may be required by local ordinances. Where analysis 
indicates that the new iMnoff peaks will cause excessive channel ero- 
sion, control facilities should be provided. Study Appendix C, Chapter 
2 thx-ough 6 

J^otect vegetation in drainageways and 3lream channels and 
along both sides of O^c -.fianncl . Where crossings are necessary, pr"- 
vlde culvrrts or otherwise pi-otect U^e croj^sin^;. 

The fifth cate^^ory of practices are those used to remove sediment 
from runoff water. 

1. Tenpoi-ary Gravel Outlet Structure - Appendix A ,^ page III-??. 

This Is always used in conjvuiction wl+hi and as a part of a 
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diversion dike, Lnlerceptor dike, or porlmetor dike. It must outlet 
onto a pi*oteoted area or Into a stable walcrcourr.e. 

2. Sediment Basin - Appendix A, page III-^l. 

3, Sediment 7Vap - Appendix A,^ page 111-^9 

Figure CI. A WoU Constructed Sediment Basin 
(However, the banks and adjacent <irea should 
be mulched and seeded.) 




opcciil purpose practices are discussed in Appenc' ix A, on pages 
III-7 and 8 of the Handbook . (See Miscellaneous Practices.) 

There are '^evprnl other practices in .he Handbook which were not 
iJicluded in the above categories. They have special applicability, but 
will be valuable additions to the control program. These practices 
and the fiandbook references follow t 

1. Constr-jr tlon Entrance - Appendix A ,^ page III- 10 

2. Guide for IVnt^^ctlon of Ir^'cz on Dlstvirbed Areas - Appendix A, 
page III-I53. 

3. Guldo for 'I rec I'lantli-^^ on DistuxVid Areas - Appendix A, page 
in-157. 
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4. Dane SUblUzatlon - Appendix A, page 111-1^^8, 

5. Subsurface Drain - Appendix A, page 111-39' 

6. Dust Control on Disturbed Areas - Appendix A, page III-151 . 
Questions i 

1. Name at least six practices which are effective In preventing 
splash erosion and associated sheet erosion and Indicate the conditions 
where each Is applicable, 

2. Name six practices (excluding those named In response tc Ques- 
tion No. l) which provide protection by keeping runoff velocities low, 
and Indicate the conditions where applicable for each practice, 

}. Name elt;ht measures which help to maintain the Infiltration 
capacity of the land. Tor those not named In response to Questions 1 
and 2, give the conditions where applicable. 

^. Name five practices which are used to safely handle runoff on 
the site and to provide safe discharge from the site. Give the con- 
ditions where applicable and the stated purpose for each practice. 

5. Name tt'iree practices used to remove sedinent from runoff 
water. Give the conditions where applicable for each. 

6. Describe the planning techniques or procedures which t 

(a) LliDlx the area and duration of exposure of bare soil. 

(b) Help to main-air Infiltration. 

7. Compute the voluTie of . unof f to bo expected from the follow- 
ing wa ter .hod « 

350 acres, all soils In Group P 

';0 p»jrcont cultivated » 

30 percent ntiadow, pood condition 

30 percent pasture, Kood condition 
U,7 Inches of rainfall . 

If the above 350 acres was develop^jd -^Ith the following uses, what 
would the runoff be from the same rainfall'^ 

60 percent residon+ial with I/2 acre lots 
20 f)erccnt comir.erclal 85 percent Ijnpervlous 
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10 percent parks with good grass cover 



10 percent paved streets and roads. 



8. Solve for l«ag and Tljne of Concentration for present conditions 
and future iirtxinl/^eU condltluns given below t (Use nodlfled curve number 
method,^ Appendix C ,^ pages 3-3 to 



Draijiage area =- ^00 acres 

Hydraulic length of watershed ^ 7,000 feet 

Average watershed land slope ^ U-% 

Percent Impervious area under f jture conditions ^ 

Rui^off curve number uiider prese.it conditions " 80, future « 83 

Percent of hydraulic length of watershed modified 
under future conditions " 5^ 



9. Use the sane watershed and conditions as In problem number 3. 
Compute the peak discharge for tiie present condition and anticipated 
future condition for a 100-year 2^-hour storm with 6 inches of rain. 
Use method In Appendix C, Chapter ^. 

10. A developer plans to develop 3ub area - in the watershed 
sketched below. A county ordinance requires tiiat tlie effect of this 
development on 100-year peak discharge (l-'^6") at the downstream end 
of sub area 3 ^ iJicludcd with erosion and sediment control plan. 
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Time 


Of 






Drainage 


Concenii-ation 


Runoff 


Sub 


Area 


Hoiars 


GN 


Area 


Ml, 2 


Pres . 


Put, 


Pres. Put, 


1 


0.35 


1.00 


1.00 


70 70 


2 


O.JO 


1.25 


0.75 


75 B5 


3 


o.uo 


1.50 


1.50 


75 75 



Rujioff 
Inches 



Travel Tline 
Hours 
Pres. m. 



0.75 0.75 



Develop discharge summary tables for present and future conditions 
uwlng Appendix C, Table 5-3* Indicate the peak discharge for present 
and future conditions. 

10a. Use the gra^ilc method and determine the effect on ixjak dis- 
charge of a planned unit development In the uppQX part of a watershed 
with the basic data given below 1 

Drainage area =^ 192 acres 

CN present ^ 75 

CN future - 85 

Tc present « 1.25 

Tc future - 0.75 ^ 

?2^i =-6.0 inches (2^ hours, 100-year frequency). 



Svunmary i 

lYactlcf^s to reduce splash erosion: 
lYaci Ice 

1. Disturbed Aroa Stablllz-ation 
(wiih mulching only) 



blsturbrd Aroa v>tablllzatlon 
( Irnpor^ry ^pt^dlnr, ) 



3. lJlotur^)od Ar'-a oUbillzatlon 
( pormanent se*^dlng ) 



Condition Where Applicable 

On areas to be bare less 
than 6 months or where 
seedir.gs cannot be nvide. 

Areas which would remain 
bare for on*' year or less 
bc^forr i)ermanent {p^adlng 
and seeding. 

On bare areas where per- 
manent vegetation is 
noedod . 
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^. Disturbed Area Stabilization 
(with sod) 



5. Dlstur\x;d Area StabllUatlon 
(with Bermdaa grass) 

6, Disturbed Area Stabilization 
(with ground covers) 



7. Tidal Bank Stabilization 
(with vegotatlon) 



Ihractlces w^-ilch help keep runoff 



Condition Vho_re Applicable 

On bare areas where quick 
covar Is needed to prevent 
damage . 

hot, dry, bare \reas and 
whore warm season grass 
Is desired , 

On bare areas where vegeta- 
tion other than grass Is 
desired. 

On tidal banXs where 
vegetation alone will 
provide protection, or in 
conjunction with stucturee. 

:locltles lowj 



}^ac tlce 
1 . Land Grading 

2. Temporary T^iventslon i^ike 

3. Tprnporary Inter ^^ptor Dike 

Temporary Straw Bale Baz^rler 
3. Temporary Level Spreader 

6, Waterway or Outlet 



Gondltlona Where Applicable 

y>iere grading /ill help 
control erosion. 

At top or toe of slopes. 

Across disturbed right of 
way and similar areas 
until they can be per- 
manently stabilized. 

On very small bare areas - 
not for concentrated flow. 
For sheet flow only. 

Where diverted or otherwise 
concentrated runoff is to 
be released onto already 
stabilized areas. 

Where concentrated runoff 
must be carried at con- 
trolled velocities to pre- 
vent erosion. 



7. Diversion Where length of slope needs 

to be reduced to prevent 
da-jTAge from runoff from 
higher areas. To Intercept 
shallow subsurface flow. 
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I*ractlco8 which help malnUlji Infiltration cApicity of Uie land 



Practice Condition Whore Appl|.ca"bl e 

(The six practices abovo uhich reduce splash erosion) 
1. TemjKirary Level Spreader (Soo Above) 



2. Topsoil In^ 



Where deopor soil is needed, 
Vhoro better soil material 
is needed . 



Practlcos which are used to safely handle runoff on tho site and 
its dlschargo frora tho site Include i 



Practice 



1. Waterway or CXitlet 



Grade Stabilization Structure 



3- Downdralj^ge Structure 



Riprap 



Water Storage and Roloase 
Facilities 



I\irpose and Condition 
Whore Applicable 

To dispose of runoff with- 
out causing erosion or 
flooding. Whore channel 
capacity at controlled 
velocity ia needed to 
carry concentrated runoff. 

To convey runoff safely 
down slopes. Where con- 
centrated flow must be 
carried over (short) 
slopes . 

To safely conduct storm 
runoff from one elevation 
to another, See Above ,^ 

To protect soil surface 
from erosive force of 
water. Applicable to 
waterways and channels. 



Where excessive runoff is 
generated by urbanization 
and release at or n€«ir pre- 
development rates is ;:ssen- 
tUl, 



Practices which reraove sedljTient from runoff water are t 
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Practice; 



Conaitlon Whore Applicable 



1 . Tom pom 17 G m vt» 1 0\i Hot 



In conjuiict Ion with diversion, 
Ijitercoptor , or jxirlmeter 
dikes and whoro thero Is a 
need to dlswse of aedUnont 
laden runoff at a protected 
out le t . 



Sediment Risln 



Where It Is InposaJble to 
Inbtall erosion control 
fjractlces to reduce sedliTient, 



3. Scdlnont Trap 



For small sedlinent jiroduo- 
aroas (loss t^ian one 



acre) where It was ijnposslble 



to keep sodljnont production 
to arceptable levels with 
e I OS Ion control pnictices. 



llannln^; techniques and develot^ient procedure whKh help to main- 
tain Infiltration are j^Uinned otilt develui^ent, planned rebldenlial ae- 
velopmont, cluster ile velojJiTion t , and similar layouts which give th*" 
dt^sired density with a mii-iLnujTi amount of Impervious cover on the area. 
Outleting roaii and parking lot drainage on well vegetated aroas whero 
It can soak In is also helpful. The use of erosion resistant pervious 
pavUig :^terial will help maLntalJi infiltration. The use of jessed 
waterways anti strips provides some infiltration and slow runoff. 
Dtivlces such A3 french drain^s, p^jrfurated plp*?'5,« or other porous pipes, 
and dry well are also holpful. High roughness (ccx-irse) grasses are 
more effective in promutlnp; infiltration. Notr the reference assigned 
earlier in Appi'ndl;< C, TH-SS. 

The lag for the prenen^ condition on the SOO-acre -irainage area 
is I 0.?5 and the Tipfio r f Concentration Is It 1,.'S hours, Equation 



0 . S 0 . 

1900 Y ^ i^^oo (<n 

1c- — 7 - 1.^7 (O.?'0 - 1.;.^^ hrs. 






La^: anxi Time ot Concr^ntra tion For J"\jture Conditions are « 



L - O.Ul and Tc 



O.bB hoars 



?00QQ''^(1.7b^l)^-^ U?l>5 (^.CVQ ^- 0.6^* hrs. 

1900 (a) '^-^ 38v)0 



81 



I 

I 



-73- 

Adjusting L for lispervloua « 0,85 (^eo Kl^^e j-^-) 

Adjust Lng L for luod If Icat locis of hydraulic loi\gth « 0.75 (See 

L « 0.^)/K0.8S)(0.V$) " O.U\ houi's 
Tc - l.(y7{0M) - 0.68 hours 

Usln^ Die method l/i Apj^endlx C, Chapter gives tho effect of 
the 100-year m In ar, 718 cfs for present conditions and 1309 cfs for 
future conditions. 

1. i«Yora Table 2-1, "lYosont Q - 3.78" "Puture 0 - ^,31" 

2. Prom App^indix C (Appendix D, Sheet ? of 3). ^Ip =- 1900'78)»718 cfs 

3. Prom Append ijc C (Appendix D, Sheet J of )) , f\iture bairtc - 
215(^^.31) - 9^? cfs 

^. Adjusting for 30^ Imixirvious area i 

Kron Ki^e 'i-1 for CN 65. P^^^ factor - 1.13 
5. Adjusting for len^Ui of hydraiUlc modlf icatiom 

Prom Pigui-e h-2 for CN 85, peak factor - 1.?$ 

^ future " 9?7(1.13)(K?5) " 1)09 ^fs 



Here is the completed basic data for (^lestlon 10 1 



Tbie of 

Dralru^^e Concentration Runoff Runoff Travel rijne 

Sub Area Hours CN Inches Hours 

Area Mi.-_ JY<js> Put. ^Yes. Vxii . Pres. FVt. lYes. Pvit. 

1 . 1.00 1.00 70 70 .\ 80 2.80 

.30 l.c-^S 0.?5 75 B5 3.28 ^i.Jl 

3 .^^0 1.50 1.50 7 J ?b 3.2^^ 3.28 0,75 0,75 
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Discharge Suimnaxles For Qiiestlon 10 
Present Conditions 



Dra Inage HOUR 



Sub Area 


Tc T^ 
Hr. Hr. 


Area 
Ml2 


Inches 


A 


Runoff 
Inches 


12.7 
cfs 


12.8 
cfs 


12.9 
cfs 


13.0 
cfs 


13.2 
cfs 


13.5 
cfs 


1^.0 

cfs 


1 


1.00 0.75 


0.35 


6 


70 


?.80 


161 


197 


228 


251 


268 


231 


137 


2 


1.25 0.75 


0,30 


6 


75 


3.28 


118 


1^6 


17^ 


199 


231 


238 


162 


3 


1.50 0.00 


QMO 


6 


75 


3.28 


308 


309 


309 


295 


2£A 


201 


130 


Total (Composite hydrograph at end 


of sub 


area 3) 




5S7 


652 


711 


7^5 


763 


670 


h20 



Future Conditions 



Dra Inage HOUT^ 





Tc T^ 


Area 


Rainfall 


Runoff 


12.7 


12.8 


12.9 


13.0 


13.2 


13.5 


1^.( 


Sub Area 


Hr. Hr. 


M12 


Inches 


CN Inches 


cfs 


cfs 


cfs 


cfs 


cfs 


cfs 


cfs 


1 


1.00 0.75 


0.35 


6 


70 2.80 


161 


197 


228 


251 


268 


231 


137 


C. 


0.75 0.75 


0.30 


6 


85 ^.31 


309 


359 


392 


hOZ 


370 


269 


138 


3 


1.50 0.00 


0.^0 


6 


75 3.28 


308 


309 


309 


295 


26U 


201 


130 


Total (Composite hydrograph at end 


of Sub area 3) 


778 


865 


929 


9^ 


902 


701 


^05 



The effec* of developriient of sub area 2 is to increase the lOO-y&ar peak discharge from 763 cfs 
to 9^ cfs. 
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The graphical solution for peak discharge on the 192-acre water- 
shed with a present condition CN of 75 and future CN 85, a present 
tbie of concentration (Tc ) of 1.2S hours, and a future tijue of concen- 
tration of 0.75 hours Is as follows: 



Present Condition: 



From Figure 3-2 for " 1.25 hourc , peak discharge 2?0 csn>/ 
Inch of runoff. 



From Table 2-1 for P2^ = 6.0 inches and CN = 75, - 3. 28 peak 
discharge (q) - 3. 28(0 .3) ( ??0) - 266 cfs. 



Future Condition : 



From Fl^^ure 5-2, Tc 0.75 hours, peak discharge " 390, csm/ 
inch of runoff. 

FYom Table 2-1 for PS^i - 6.0 inches and CN - 85, U.31 peak 
discharge (q) - 31 ( O.3) ( 390) " 50^ cfs. 

% 

The development will increase the 100-year peak discharge from 
266 cfs to 50^ cfs. 
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Unlt 3 . The I-laruTiji^. r'roceas an J the SiosIdh anq So'iln'ent Control rian 

}\irpoGe and Significance! 

This unit discusses the planning; process including setting of de- 
velopment and erosion control objectives, useful Inventory data and 
analyses, consideration for coordinating erosion control •<ith the con- 
i^letc planning job, the selection and design of practices,^ and the re- 
quirements for plans under the Virginia Erosion and Sediment Control 
Progran. The value of planning erosion control along with the other 
plans for Uie area Is discussed. fhe data required in an Erosion 
and Sediment Control Plan have many other uses. Those uses are pre- 
sented for soils and hydrologic data. 

An understanding of Uie above shculd help you to bring together 
all of the knowledge you have acquired about erosion and sedimentation 
and to us*» this knowledge to develop an effective plan for erosion 
and sedijTient control. 

Objecti voTi : 

1. List tliroc reasons why planning for eror.ion and sediment con- 
trol should be part of the overall planning for the development, 

2, Describe how erosion and sedunent control plainning and the 
planning of the development can bo coordinated. 

). List the kinds of infomvition you would need to Identify areas 
ol ^XDtential erosion hazartis. List data required by the VirRinia Hand - 
book that is not Included above. 

'i. Given appropriate data for a specific site, delineate potential 
erosion a^eas. 

5. Given appropriate data for a development, select, locate and 
design orooio;^ and sedijnent control practices according to the Standards 
and Specifications in Appendix A, the Virginia Handbook . 

6. Given all the necessary data for a development site, develop 
an erosion and sediment control plan which mret'i the requirements in 
the Virginia IDrpsion and ocdijnent Control Handbook . See Appendix A ,^ 
pages n-? to n-11. 

Content : 

It is esiicntial to plan for erosion and sediment control as an in- 
tegral part of th'} planning of the development. Decisions which are 
made in ref^ard to intensity of uses and location of specific uses and 
facilities will l^ave a subs1>antial clf^ct on erosion and sediment. 
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One of thy strongest arguments for making the erosion control 
planning an Integral part of planning of the development Is that you 
do not destroy your options for placement of the plajined l^iprovemen ts 
or placeraent of practices and facilities for erosion control. It vill 
not only be difficult but also costly to superimpose erosion control 
measures after all other improvements have been located, Ihe coordina- 
tion of all planning retains full flexibility in developing the possible 
alternative plans. 

The second argument is based on the concept that for any develop- 
ment area there Is an arrangement of uses that will maxi^ilze the net 
productivity use of the land. Some of the net productivity ulll be 
in terms of benefits to the public. Some will be of long tljne benefit 
to the property owner. The developer, too, can expect to be reimbursed 
f':)X a quality development. Degradation of soil resources or water 
resources which are bcrought about by a develojsnent will result in 
reduction of values to all those concerned. To maxinlze these values 
the possible impacts of various layouts of buildings, roads, water 
mamgement facilities, and other improvements should be studied. 

The third argument for coordination Is economic. Careful study 
of all elements of the developnent can help avoid costly mistakes. 
The flex3bllity of choice mentioned in connection with the first argu- 
n»ent Is advantageous for economic reasons as well as the technical 
reasons. The study of soil conditions for erosion and sediment con- 
trol may also reveal other stability problems that could prove costly 
if not discovered. Benefits to costs of over 100 il have been realised 
by the use of soils Infor^tion. (Ref, l} Layouts which favor erosion 
and sedlnent control may often reduce the costs of development while 
still meeting the original objectives for density and use. Cluster 
developnient and planned units or planned residential developnent can 
mean substantial reduction in sewerage mains and laterals,^ roads, 
dxiveways,, and in percentage of the area to be graded and restabil Ized . 

Planning a development, no matter what its size or Intended uses, 
requires that a certain series of steps be followed in order to arrive 
at the most satisfactory plan for the area. The uiual steps in the 
process are i 

Settii^ objectives 

Gathering facts 

Interpreting and analyzing U^o facts 
Developing alternative plans 
Choosing the Tiost suitable plan 
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To liicorporate erosion and sedlwent control plannixi^ Into the 
planning for the whole development, one must Include erosion and sedi- 
ment control as one of the development objectives. 

Objectives or goals for the type and quality of development have 
undoubtedly been nvade when the site is acquired. Some goals on the 
density, vurlety, size, and quality of residential units or size and 
diversity of commercial area are probably also tentatively decided 
at this stage '"hese should be flexible and subject to change Ijn 
keeping with the potential of the site. Goals which should be con- 
sidered frore an erosion control standpoint,, and in fact from a total 
quality of the enviromnent standpoint are j 

1. To acconunodate the desired specific uses;^ i.e., houses, 
streets, play areas,^ and so forth with the least possible degradation 
of the resources. 

2. To have safe water managprent during ajid after development 
and thereby protect land resources and water resources. 

3. To control erosion and sediment during development and leave 
the area completely stabilized on completion of work 

^. To utilize unique natural features of the site In such a way 
that they can continue to I^rovide benefits indefini lely . 

In gathering the facts which you will need for planning, Include 
all the data needed to evaluate Its full potential. This would In- 
clude facts pertinent to erosion and sediment control as well as those 
needed in evaluating the site potential for the intended uses. These 
are overlapping areas of concern. Information needed would Includet 

1. Information aboul the soils and geology. 

2. Topographic Information Including contours that will ade- 
quately describe the area. 

3. Inforrnatlon about the drainage patterns on the site and on 
surrounding Influencing areas. Channel flo^ and conditions,^ ponds, 
lakes, ^ and streams should be Included 

^. Vegetative cover and condition should be mapped and unique 
vegetation areas delineated. 

5. Location map of the site relative to streams,^ hl^hways,^ and 
other features. 

Compare this lirt with the data required In an Sroslon and Sediment 

Control Plan as given In Appendix A, on pages II-7 to 11. The above 

types of information will provide all that is usually needed to complete 
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the Items In the plan. The data required is not only important in 
developing the oroGlon control plan,, but will l^ve broaa usefulness 
in overall planning of the site. 

Most of the physical data for planning can be collected and re- 
corded on maps of a suitable scale for planning. This is particularly 
true for soils, topotqraphy ,^ drainage, and vegetation information. 

Soil survey maps and det<xiled Inforoiation on soils are available 
in the Soil Survey Reixjrts developed by the U, S Departnent of 
Apiculture and the Virginia Polytech Institute for rryiny counties in 
the state. The same soil will oViojsly have potential for nany 
uses. It ra.y }iavo limitations which must first be overcome before 
realizing this potential, but if the practices needed for overcoming 
the limitations are identified, determining their cost can be part 
of the evaluation process. The soil survey will provide the facts 
needed to make these determinations. Let's examine a typical soil 
survey , 

Kig:urr 22. Soil Survey Soil Map 




Tho 



ol each kind of r>oil are outlined on an aerial 
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photograph by solid lines. There is a symbol far the kind of soil with- 
in each delineation if there is enough room; if the delineation is too 
small, the syrabole is outside with a pointer to the area. All areas 
marked with the same symbol wi^i-l be the sajre kind of soil wherever they 
appear on the map, A guide to these map symbols is included immediately 
ahead of the map sheets. The symbol itself conveys specific Inforroation 
once the system is understood, For example, the symbol StB appears In 
the left center of the above inap. St desi^ates State fine sandy loara, 
clayey substratum. The first capital letter In all symbols is the 
initial letter of the soil name. The second capital letter designates 
the slope. The B of StB Indicates that the slope in the delineated area 
is within the range of 2 to 6^ slope. If the second capital letter is 
omitted. It means that the delineation is essentially a level area. 
When a ni^jber 2 or 3 follows the second capital letter, it shows how 
much er«'dion has taken place; 2-moderate, 3-severe , The rnaps shox, 
by s*^ndard symbols, many other features such as roads, railroads, 
bridges, buildings, mines, quarries, power lines, pipelines, cemeteries, 
dams, streams, lakes, ponds, marshes, and other features. 

The body of the report gives detailed Information about each kind 
of soil. The narrative portion gives a soil series description which 
gives the texture, structure, i^, and other characteristics of each 
horizon in the profile. (A horizon is a layer of soil approximately 
parellel to the soil curface, with distinct characteristics produced 
by the soil forming processes. Horizons are identified by letters of 
the alphabet with A being the horizon at the surface. A profile is a 
verticle section extending from the surface through all horizons from 
the surface to the parent material,) The series description also in- 
dicates certain hazards common to the soil such as flooding, high 
erodibllity, wetness, or other problems. Tables of soil properties 
glvo further details on texture, organic matter content, permeability, 
and engineering properties. Interpretive tables give the degree of 
limitation of each ooil for various uses in terms of slight, moderate, 
and severe limitations, 

K or erodibllity for soils may be in the more recent reports, but 
it is in Appendix B, pages B-8 to B-26. 

Hydrologic infonnation on soils is given in Appendix C, TR-55 in 
terms of four hydrologic soil groupings, T>iese are design* ^ed A, B, 
C, and D, with A being the low runoff potential group and D ^he high 
runoff potential. It should be noted that compaction of the ^11 by 
heavy equipment, or barren conditions may significantly influence "J^** 
rate of runoff and cause a soil to be classed in the next lowe^ hy- 
drologic group. 

Topographic features of the area are among the items which must 
be depicted on a map for the erosion and sediment control plan, A 
good topographic map with contour intervals small enough to indicate 
topography in sufficient detail is an excellent planning tool. For 
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most developments, this would nean a lAn^e scale map witJh contour in- 
tervals of 1 or 2 feet vertlcle distance. A skilled person can 
visualize the shape of the land from a well prepared contour map as 
accurately as if he were on the site. It is possible to Identli^ con- 
vex and concave slopes and to calculate land slopes, ^^^hen combined 
by means of overlays or pei+aps on the same map with soils information 
and drainage information, It is invaluable in determining water manage- 
ment and erosion and sediment control needs. 

The drainage pattern, including sizes and shapes of each contri- 
buting area, should be "tapped out on a good base map. An adequate topo 
n\ap would be ideal. It should be delineated from field checking. 
Drainage and contributing areas off-site should bo included in the 
infonnation collected. Data on conveyance systems; i.e., culverts, 
pipes, and channels should include si^es, length of each reach, ajid conditions. 
Note all points where concentrated overland flow enters Channels and 
indicate the present stability condition. 

The vegetative cover should include lype and condition of cover. 
Typec w^ll incluae wetlands, grasslands, cultivated lands, idle weed- 
covered land, forest land, hnd others. Condition should reflect the 
percent of bare area and the quality of existing cover.< 

Once the data on soils, topography, drainage, vegetation, and 
other physical features has been collected, it should be interpreted 
and analyzed in order to reveal the potentials and problems of the 
site. There is no set way tJiat governs this step, in fact sev'ra] 
approaches ray be useful on the same site. It is helpful if all the 
above data is put on large scale maps or on one map with overlays. 
As mentioned earlier,^ a good quality topographic map makes an excellent 
base map for planning. 

Soil maps can be interpreted in several ways. Some planners 
find that a soil condition map is very useful. Figure 2} illustrates 
a soil condition nap for the sane area as the soil survey map in 
Figure 22. 

T)ii£^ particular example shows areas of poorly drained soils and 
areas of seasonal high water tablo. Another approach is to delineate 
all of the areas whicr shoula not bo disturbed or built upon because 
of specific hazards. This definitely should include flood plains ana 
other areas adjacor' to streams; it would also include steep orodible 
areas, wetlands, and unique areas which should be preserved. 
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Fi^e 23 Soil Condition Map 




Soaconal High Vator Table 

Poorly DraLr^.O'j ?o-ils and f^oasonal High Water Table 



A third approach, which has boon widely used by planners, Is 
to prepare overlay nvipG showing the relative soil suitability for 
various uses. Lnformation for this can be taken directly from the 
tables of thf soil survey report which shows slight, moderale, and 
severe llraitrtlons lor vririous uses. 



Eroslcn hazard areas can be identified from the soil survey In- 
formation including the credibility factor K, and the slope class as 
Lnulcatcd on the soil survey map. However, when a n^ap overlay,^ show- 
Lng soils information, is used with the topographic r^p these areas 
Cdn be very easily delineated. 

Rvaluatf' the topograpJiy by delineating areas of various slopes. 
Arf»as vfhlch are over 1^% slop^ will have more severe erosion, water 
ruana^emcnt , and construction problems. It will be helpful to clraw in 
rld^e tops ,^ i;idlca+p direct of slop^^,* and length of slope in each 
sub-dra ijia/^e area. 
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Existing drainage patterns should also ]>i shown on the topographic 
base map. Trom this pattern ami your notes on sizes and condition of 
culverts, ditches and other chamiels, you can pinpoint i)otontlal problem 
areas. It nay be necessary to delineate the watershed of each drainage 
area and then calculate irunoff amounts and velocities In order to identify 
all of the water nanagement problems and needs. 

When all of the data has been interpreted, analyzed, and the results 
put on the base lap, the results should suggest t)ie most favorable lay- 
outs to you. The delineations of floodplains and adjacent stream belt 
areas as places where no bulldiiig; should take place will be one of the 
first things to help set the development pattern. The limita + lon ratings 
for the various uses may help in taking the next step. These ratings 
should indicate the best areas for accorrjnoda ting tiie development objec- 
tives 

Using the alx)ve approach or other methods which the data may sug- 
gest to you, select the areas for houses, streets, and othier buildings 
on the basi^ of highest potential for the purtK/oe and least risk of de- 
g;radation of the environment. It will be ne:essary to make compromises. 
For each possible layout think out tha needs for water management, ero- 
sion control practices, and sediment control practices. Economic evalua- 
tions should be inade for the various possible layouts. Keep in mind 
that the highest quality develop^nent is usually one with the least 
disruption of the natural features of the site. Excessive grading is 
not only expensive;, in many cases, it creates more problems that it 
solves . 

Once the lay out of buildings, roads, and other facilities has been 
decided, delineate the areas to be cleared and graded, identifying cut 
and fill areas, and identify and estimate the erosion hazard on these 
areas and existing bare areas on t)ie site. Design the storm water 
mana^enent systen based on runoff expected after development. Use all 
possible means to keep peak discharges low. Identify where runoff from 
adjacent properties are likely to causo erosion problems. A temporary 
interceptor or diversion dike should bo used at Uiese locations. These 
should outlet only on protected stable areas, inhere there is a risk of 
erosion from f^radod and other bare areas to adjacent property, a 
temporary perimeter dike shiould be constructed. These should outlet 
Lnto a gi-avel outlet structure, sediment trap,^ or sediment basin. See 
Standards and Specifications for each of these practices. Gtudy the 
design requirements for a sediment basin, Appendix A, pages III-Ul to 
and Appendix B-9, and be prepared to design such a pra tice. 

All divf^rsions Interceptors, and earthen structures should be 
mulched and seeded, sodded ,^ or stabilized by other acceptable means 
immediately upon completion, wyierc a choice of grades is possible, 
keep gradients low. Bemenbor that diversions and interceptors convert 
sheet flow to con centra tod flows. 
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The stormwater rrianagenent fdcllitlt'S may include diversions and 
waterways or outlets, otudy tho Ctxindards and Specif icatioris for these 
practices \n Appendix A, pages II 1-28 to ^0, and be prepared to design 
a waterway or outlet which would meet these requirements. See, also, 
Appendix A, pages 111-73 to 89, Use Appendix C, to conpute peak 

({ischarge as required. 

For all bare areas that can bo graded to desired fi/^ished grades 
during a satisfactory season for establishment, select i^ernvanent vegeta- 
tive practices that are in keeping with the intended use of the area, 
that will fit the soil conditions, and that will provide the needed 
protection. r)tudy the appropriate Standards and Specifications and 
Appendix A, pages III-I65 to I83. Be prepared to use this material 
to choose pt^rriinent vegetative measures, inLluding species for actual 
field conditions. 

For all other bare areas, including those completed to finish 
grado which cannot be seeded because of time of year, use tied down 
mulch Wiere seeding can be done on rough graded areas, use mulch 
and temporary seedings. Omit from seeding only those imnediate areas 
where construction of facilities will begin in two or tiiree weeks. 

Evaluate the need for practices such as level spreaders, gravel 
outlet structures, sediment traps, storm drain outlet protection and 
riprap, and be prepared to properly locate and design them for a 
hypothetical case. 

If the area is largo and will be developed over a period of several 
months, dovclop a plan for staging the grading so that the first area 
can be stabilized before the second is opened up. To the extent 
possible, plan major grading outside the months with the highly ero- 
sive rains. 

Unforeseen delays can upset a well planned erosion control 
scheme. For this reason, flexibility must bo retained so that the 
job superintendent can inake appropriate changes in specifications 
to fit seasonal and oti^er require or ts . 

Read Appendix A, pages 11-7-11, which define an Krosion and Se 'i- 
nent Control Plan and describes what needs to be included in it. 

Data and assistance on 3oils infomation, nydxology, and related 
fields if, avaiLible throupji the local Soil and Water Conservation Dis- 
trict and the U.o.D,A., Zoil Conservation 3er^ ice personnel assig ed 
to assist the district. 

(^ostions I 

1, Give three reasons why planning for erosion and sediment con- 
trol should >x> a part of overall planning of the development. 
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2. How can pLinnlng for erosion and sediji^onl control and tho 
planning of tho developncnt bc> coordinated'^ 

3* What kinds of data would you need In order to identify areas 
with high potential for erosion List Uie data required In the Erosion 
and Scdinjent Control rian (as Indicated in th« Handbook) that Is not 
T "1 nd*^d above . 

4. Uolng the soil and topo^grap^Uc Information below, dolljneate 
tho areas wtiich are potentially critical erosion areas i 

Soil survey of 90-aci"e sltei 










Position on 


Map Syrfibol 


3o31 Name 


''lope 


Landscape 


A pi):: 


Applinf fine sandy loam 




Upland 


CcB 


Cecil fine sandy loam 




Upland 


^cC 


Cecil fine sandy loam 


7-15^ 


Upland 


Cm 


Chowac]a slU loan 




Floodplaln 


HsB 


Hiwas^icc lo<im 


2-7^ 


High River 








Terraces 


HsC? 


Hlwassce loan 


7-13^ 


Hi^h River 








Terraces 


UB2 * 


Lloyd loan 


2-7^ 


Upland 


* K for Lloyd 


IS .U3 (it iG omitted 


fron Apj'cndlx 


B.) 
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PosHlon on 



Map Symbol 


Soil Name 


Slope 


Ixiniifloapi^ 


Lie? 


Lloyd loain 


7-15^ 


Upland 


LnCJ 


Lloyd clay loam 




Upland 


LnD3 


Lloyd clay loajn 




Upland 


LoC 


IxDuisburg sandy loan 


5-15^ 


Upland 


MvB 


McadouvJl le loara 




Coluvlum 


SrC 


3tarT «sll t loam 




Pla toau 


WhB 


Wlckham 




River Terrace 



lopo^aphlc Map 




(This toixjgraphlc map Is Inadequate for det«jrmlji ing actual grades. 
In practice, the topoj;i^phlc maps nhould be of larger scale and smailci 
contour Interval fi.r this purpose antJ as a base rvip for planning. How- 
ever, It will help reinforce the julgments made on tlio basis of the 
soils Information.) 

No rujnofi en'f^rs tiie site from aJ *acfint. land; hl^;hway runoff Is 
carried in a stable grassed channel jxirallel to the major ^ oaj and ou*- 
lotin^ In the river. 
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5. U&liig the InforwiUon which follows, develop a plan showing 
placomeiit of the building, walkb, itr'lvowjiy, and all roquirod fealurco 
of an erosion and sodlmer^t control plan. 

(a) The project Is a .^0,000 s^quare-foot elementary school 
bulldljig with exercise areas. The site Is approximately 6 acres In 
size. 

(b) The woi^k l£> scheduled to start May 1, and Is to be con- 
pletoly siabllliied by Octobt^r 1. 

(c) Access to the &Ho Is by Custard Lano. 

(d) The proaont vegetation consists of iiilxed ^vinNood forest 
roughly south of the 39'--^'oot contour Interval, Trees are nixed age 
and size from sniall understory up to 15 Inches, There are hlxed tree 
species alon^ the sout^iem half of the east boundary and a small wooded 
area on both sides of Custard lane, northeast of the 390-foot contour. 
Tnere are a few widely spuced lairgc trees along the west boundary ex- 
tend li^g from Gubtar-l Uno south about ISO foct. The remainder of the 
area Is old pasture with some briers and small sapllr^s. All areas 
have adequate cover for protection from erosion, 

(e) T)ie soil Is Cecil silt loam eroded rolling I>hase. 

(f) TopoKrapMc InfonnJitlon Is on Page 88, 

Siunmary i 

Coord li\at Ion of erosion control pl^nnln^^ and the develojxncnt plann- 
ing will keep the options flexible for each plan, It will allow com- 
pronlses arui ad juutrnt^its which plve the best use of the land and water 
resources at the least cost. This Is the maxljnum "net prcKiuctlvlty" 
concept. Coordination of all planning can help avoid costly mistakes. 
The flexibility of choices mentioned above has both technical and 
economic advantages, 

To coord Incite Uie eroi.lon control plannlz>^ and developraent plann- 
ing, the erohlon tontrr^l t^^oals nust part of the overall goals for 
the develoixncn t . TViOoe t^oals mus^ occupy an Imixjit^nt place In making 
all the planning decisions. 

The data nepiird In order to Identify erosion prone areas would 
be soils, topographic, and hydrologlc data, i^e nhould know the soil 
K value and the Icn^tho and ^p-adeb of slope. Hydro logic data would 
111 elude raijifall,^ r>inoff lomlng onto the site and that generated on 
the site, dral/iaf:e pattoiTi'" Including'; rhannel sizes and condition, 
watershed slopos, and the effects of devt>lopment on runoff. 

The Hand oook requires that j)*.'r^lnent data In Uie above categories 
bo Included 1-n the oro 1 and sedliTi<^nt control plan. Gee Appendix A, 
pages 11-7 to 11, 

On the QO-aorc site, the area with the most sev'^re erosion potential 
Is the Lloyd clay loai;., 15-^5% slope. The Lloyd clay loam and Lloyd 
loap, 7-15^ and th.^ C^^cll loam, 7-1^ slope, have sev*^re erosion hazani 
potential one* th'^ cov^^r Is removed, Thr smaller area of Hivrassee Ic^am 
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on 7-15% a loO has a hl^;h erosion pctentlal. Ei^osion hazard even on 
the B slopos coulc bo severe IT the soils remair. bare dui In^^ the p<irlod 
of most erosive rains. 

The XoUowlnf, plan was dtj velopv-'d for the site d«^scrilx:d iii v^estion 

5. 



D^jCRITTIONj 7>-ie project is d ?0,000 squaro-ioot nchool builulr^ with 
exercise fields on a 6-Ticre L)itc. 

DAl-C:. OF CONLuRUCTIQN i Project Is scheduled to start on Kay 1, 1975. 
to bf^ conplrtcly stabilized by October 1, 1975. 

oOIL ]>\':a i The «^ptinj site is Cecil silt loam erodrc lollL^g pfiase 

TREK PRgrriC rilON > Trf^r, alon^^ the p^jrlTiet^r will ^: iTrotectea from 
equii^mf^nt ddnvif';o by appropriate si^^^s i7\d barriers 

KHOGION CQN^[ROL j^OGR/^M i Not niorc tiian ono-hali the site is to he 
cleared a+ one t ij^ie . Anchored nulrh and tPmporar> s^^edLrv, will bo 
donr iinm^^^i lately aiftei f^radbi^"; to a]l jrradrd ar-^as i xcept building'; 
site and '}0 feet border and Darkij^; area, farkin^^: lot to lo covered 
with ^avol after /;radin/^. 

3r:DIMKN'i CC^HioL :'HO^.RAM : Control will aehinved Uirow^h ui^^talla- 
tion of one tf^mporary sod Luc nt ba^lji of 0 ^ acre- foot caj^xicity and 
one iemp<^rary sediment tr^ip of 0.15 acre- font capacity Fifteen 
hiauir'^d fee* ol <^\ir th liiv^rsions to dir*:ct slorr, runoff to the hi sins. 

■AF^nY ''HOII::^: ION : l-.o s^dinont baoi^-. will tx' txii.led and Uie larger 
on^ f«^nred in '-•yclurie chil'jren, 

?UN OF OI'EJtA'] I > i An Tiechanical rontrul'j are to bo placed, mulched, 
and 3o*^ded prior to or a^: the firf^t >l'^p in clear irit^ and Rradinft. 
Followinf, their complt^tion, the schoo] site anri area cast of the 
schcol buildinf, arr. to stripixjd and th^ topr.oil stockpiled at the 
,3oiJ th'\ir>' I oni'^r of th^ cAUi , "bi.s area will then V' hrouir.ht to grade 
a-, nearly as po'~.sit)le without disturbance to other areao. AU ar^as 
brought to fsTad^^ will Mien mulched and seeded with temporary 
ve^'.etat ion . Mulch will Ix^ finchorcd with inulch anchorirvi tool. As 
soon as ;:iulch is anchored, th(^ remainder of t hf' sit^ cxc^pl for the 
nr-^a at th' '->nut>i ''^edi;npnt bn ' in will be fjradod and a stockpile of 
soil mal'^rial labl is^i.vj r.-ai thn tnpcoi] -tockpile for filUnr, the 
sedi.Tiont fji'-.in a<^ the lar,t step f^radlr^f, 



£ROSIO.N-S:-:DLMS.VrAriON m'^RQL :^U.N-GAKPL£ .NARKATIVK 



^:U.'MKiNTARY :3CH00L 
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STORM WAT KR nANAGE^lQiT ; The peak i-unoff for a lO-year frequency rain- 
fall after development shmll not exceed the 10-year fequency peak be- 
fore development. This win be acconpll^jhtjd by use of roof top and 
parking lot storage (See attached calculatlOiis ) All calculations 
are based on the methods set forth In the Soli Consei-vatlon oervlce 
publication "Urban Hydro loigy For Ginall Watersheds," Technical He lease 
No. 55.. SCS, US DA, January 1975 . 

HAINT1::NANQ: PRQGRAJii All measures art- to be 1/ispected dally by tlie 
site superlrjtendont and inspector. Any danaged structural measuxes 
will be repelr^id by the close of the day. Seolment basljns are to be 
cleaned out \n accordance with the specifications and the material 
disposed of by spreading on the site. Mechanical controls will be 
removed after areas above them have been stabilized with vegetation. 
The sediment tasin at the south end will be left until all other 
rechianifal poar.uie'^ have been removed and tJie areas perTnenently 
slablil?,e<l 
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SROSION ^ND SEIjIMSNT CONTROL mN iiaYY:Z 



r:UJKrX;'ARY SCHOOL 



1. No disturbed area will be exposed for more than 30 calendar daj s 
without seeding;, mulching, or other protective m^^asuros , 

AU nechianical erosion and sedlnent control ineasures are to be 
placed prior to or as the fl_rst stop in clearlne and grading 

3 All storr and sanitary sewer lines not i;: str^^ets are tc bo 
mulched and seeded within 15 ^^y^ after backfill No more Uvin 
500 feel are to be op^n at any one time. 

Electric power, telephone, and gas supply trenches are to be com- 
pacted, seeded, and mulched within I5 days after backfill 

5 All "tenporary earth berrns diversions and sediment control dams 
are to hn nulched anii seeded wit^iij^ 10 days after grading otraw, 
hay, or rorijar'able mulch is required. 

6. Trees alonf, th^^ ix;rijncier will be protected from equii^ment darrvage 
by appropriate slt.;ns and barriers, 

7 Any dl'sturbo'i area not pavoii,^ sodded, or built u]f>on by November 1 
Is to be seeded on Uiat date with temporary vegetation and mulched 

6. All land, on or off site, which i"^ 'U'iturbod by construction and 
which is not built upon or surfaced shvill >x; adequately :5t>abili2ed 
to control erosion and sedinenti tion 

9. All erosion .md sediment Lonirols, including seeding and mulching;, 
sfiall i;i accordance with standarls and ':i>"c if ica t Ions contained 
in tiie local ero'jion and sediment control handbook. 




DETAILS OF MECHANICAL CONTROLS 
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SAMPLE 



SAMPLE 




Flow line 



No 3 Grove I 



2^2 x2 Stot^e - I'/j' 
\j in g f 0 u n d 

STRAW BALE DIVERSION 




EARTH DIVERSION BERM 
( Height Voriei ) 




GRAVEL OUTLET 



El 386 0 



15" Perlorated 



Eerqency E 
Spni wo y 




coMor 



Rtp Pop ' 



■12 Conduit 



SEDIMENT BASIN - Cleon Out ot E I 382 0* 




3 Courm 
Building Bloch 
on Side 

3" Grovel f iMtr 




0-15 
Grovel Oroint 



TEMPORARY SEDIMENT TRAP 
AT CULVERT HEADWALL 



TEMPORARY SEDIMENT TRAP 
AT ALL INLETS 
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above plan Is only one of several vrays U^t the school site 
coul'l have been laid out and pr-' eced from erosion and sediment 
iai-Tvage. Even if the basic layout was retained, there could ^-^ave been 
much less gradijiig. The wooded area, or at least part of it, could 
have been retained. The deptii of grading rr^y have been excessive. 
Straw bale barriers wer*:? used to the Unit of their applicability or, 
per.^iaps, more Uvin the Unit. It would r^ve been safer to lengthen 
the earth diversions along the east and "est boundaries. The plan 
calls for spreading the sedlnent cleaned from Uie basin on the site. 
It should also J-iave sp<3cified when and how erosion of this material 
would be controlled Ihe plan is also silent on how permanent 
stabilization will be accomplished. 
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1, Kliri^cblel, A. A., "Costs and Returns of Soil Sui-veys," Soil Con - 
servation , Aug\ist,^ 1966. 
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t'KHT IV IM'^^r>KNlI^^ 'IHK VIRGINIA ROM ON AN J ..KbIKKNl COKTIKU, PLAN 

i'art IV consislo oi ono unit. The unit d IscusS'is the respon- 

sibilities for Uv' prof^i^an II cnvorG rtjqulremonts foi plan bubmlRS Ion ; 
the conl^rUs of the .i;-pl lea* ion or -iM^omjianyinf, h»llorj apprcjval and 
dl'japproval of plans, Isbikinci^ of p'iinltit>, porf (;nMncc "bond's, erosion 
and s'^di.Tionl corilrol arTi'O'^nt^ritM ^Upr. required li plan Is oisapiu'oved ; 
ap;H"«3ils; inspection; Lrujv^Mor rosponsibi 1 ^ lier> , r^otlcc to t.omply; coin- 
plaliits; cin-l hjw l^ineio lnejf'?ctive mo.- are^j which comply with ^l^md - 
book rt^qu U'o:T^tM-il'. . "ho Har^abook is Uie " lo refen^nce for this unit. 

A kr.owhMjye 01 the aU)v<^ is o^sont.i.al to the smooth and efficient 
h>irK}l in/.-' of ih<' a-tm in i ra t i ve dt^tailb of the prOf.;raiTi '^heMiei you art' 
U.p a|pli.:<i7ii or tht^ plan appi-ov Jjiy, authurily. The i>36ponblbl] itles, 
authorities -i- . .-'r- > -ur"s will vary £om*^w^\al by local areas so Uiat 
th<" local oio/i-am r'»qu lrt»r'pn \ should lx> chirked. 

Ub U'C* i vo s 1 

1 Iri'iicatf^ .h'l is n^'^-ionsi bl for suhni'^slon of t,he erosion and 
'.•Mtment cnnirrl plan, plan 'ipproval, ls<3Ucinre of pormits^ Inspection, 
ari.l l^Vial ai t ion In ynw l^oal an^a 

?. Li:.t. t h'^ infornatlor wM^-h an application or lott'-r of oUt>- 

iT'ission must provide whon submitting ^n eroi>ioii and sedijnent Lon rol 
plan , 

3 Nari'^ tho font.nits of a pr*^l linLnai'y plan, if such is required 

^> LniJi ^it.^ trr'>': ' 3ui'-> wtii-K mu^.l followo.j if a plan is 

i i~»a pCTTi vf'd 

^. oi.'>rrlL>^ tho roqu Ir'^m'vr : for m(-t(Mf i'^al ion "f <i plan. 

orrvi Inrr^ ^ or 1; ' p<?'" t j < n , luir,dli:i>r runi-oouipl ian( (» ^ 
. J ^ 

[/' Mr*> t -vi ^>r ^v,\n' > r^^-' a^ ' N> '^on^lioreo by an In- 




■ i ^: ] 1 : i' 



^r;.' by 1 aroa'^ 
/i-.iri( t is 



V 1 in i 
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QU* Which ol \h^"A) altornal 1 vt'b wa^ aaopted Iji the Iji wtiirh you 

work . 

Nott' til'^o llvil acoordlriA' t<j iho Handbook on pu^c V-13, Hem .1,^ 
the pl\n approvlj^;.; abllioi 1 {.y shall tjuldtni by 1 equ Iri'ir.pnls In the 
locx\l f\a;KUx)ok. By law iht^'^c iT^quirfmenis must b* at hvist <is sti-lji- 
gerit as the s*-.ate KindKH)k, but Ihey may norf Su. You should us*j 
tn(» looil eroslor. and 'jtMljTK^r, t tontrcil K^ndbook Tur tho^e rt^'iulrvmontc, 

T\)0 InspLH^rir wtll ^^wrk on all mtM'/atX's which arv ptirl of Vw 
rro'^^lnn and b<^dlmpnt ror,iril plan. Ho will alst; evalu^Uo tht^ offectlv.^- 
ncfs'i vi the plan by check l;i^? lor ov Id en to ol oroslon ml evidence oi 
U>l><'Gl* Ion oi st»dl;Ti<'ni 

will ch( .*k tbr timin>^ ind suquoiu c ol Ifi st-al la * Ion c^f pnictlcos 
i.'hitPd iu ^ladln^ and h^r land ilb+uiMn^ a<ti\ilrs. This wm 
Inrluij'^ kln^' on sUif'ln/.; ol nvn j>>i f':i-adlrv u t Ivltlt*^. 

>^ i^actur'il s.U'1'olon and '^(^d Iju'MI ■ conliol jiractl-f^, will hooked 
ff;r pi , idhrrentM* t'j 'losl^^n dimonj.lot ., and ad ^qiia^y ol m^lr-h- 
In^;, >t*fd Injw* '•ir>ld lii^', , or ulhei -^urlaco ir»atFuril. le will alsu check 
on quail^y uf !n-.tal la* lori , whi-h lnr]«jd"s comj-VK 11 )n , sjrioothnos.s 

nf ^';^''adln^, pi't^jht s1'")}>^ a/id iral;iaf"' nf inlt-i'., uul saloty ul outlets. 

V«>>.'ota* 1 nr^f'i^r, will N > h-^' ki>d 1 oj Guch iiopri^, as tlinlJVs.^ 
.iiTifwni aT)."' k Ini*". nulfti, j ►'rni i /.at 1 on , sfx^V's, ami r 1" 1 -'c 1 1 v<>no:--.5 
of ro'jul ^ ^, . 

v.'U''M lora> ! 

(a) 'UM 1 ■> I'^n '»! 1 ho ^^rnoion 1 lo .'^i{i,:(^nt fontrjl plan 
[^') i 1 ill i,>j5r w 1 1 

( ) I .'.li/lH' >J pOITTil * 

ii) hr^.M n..n 
ir • I,'-, \1 i' t 1-n. 

w'r^i * )nJ'«rTM*Aor mo-"' jn 1 >j i' 1 u m appll>atlun ol l>'tipr 

^. W>at u 'f iTi'"iil > '1 1 lijnirisry ^r"'".l'"^n anil j'dljri'^n^ 

I o^^' rnl pli,, 

'i , wlvv ^ .rn' '-Ji.rt 1. f ll'iwo<; i } Dian di'Vippri'V' 1'' 

' r 1 Mi--^ r'"i .J 1 r" I'.'^'i* ' * r miO'M 1 1 > 1 or, r>j in aporf'v'-'d 

plr.^ 
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6. jlatc U^o pi'*»vloluni:. for ^uir.J 1 In^-, non-L onpl Uinco apjxMlti and 
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Tt\f pT«i»iratlon and sutnls'Slun ul tiio eroslun and so(Jl;T5enl Luntrol 
jjIaji Is tho rosponsl bl 1 1 ty of tiie owner, le^hoo, oi duly author laod 
a*?,ent of the owiior ur le'sso*.'. Iho plan approvlji^ authority will vary 
by loOAllty. It nviy rctit with tiw covmty, city, bir orponvtcd town, ur 
dlatrlvt. A deptirlffiont tir iK)SltU)n withLn one of thosf nir Isd 1 ct Ions 
will be namo<i as the pl&n apjTrovbi^ a<^»}rRy or {xirson. Each h^cal ]n'o- 
ftTam win IndleMte ti"il3 rospons IbU 1 ty . Issuanrc of pcrralta for gi"nd- 
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sible fnr a ays teiTwit li, pri.>*'"i'Tinri for on-wlte In'jjujt. tlon , reconilng Uie 
dates and results of su- h lnsi;»*(. l ion . Note- Appendix A, Handbook lt«mf> 
K.U.a. to K.f'., pa^.es ]Cy^ o^ p,,,, -npllan^e an-J Mie provl-5h;n> In 

your I'^cal program. 
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upon by tne auth^trity an 1 th*-^ p*>i^ )p re'^p<-risibie f-ir 'arry In;^ out the 
plan 
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Table 1 

Slope Effect - Topographic Factor, LS 



Slope Length lj\ Feet 
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0 


13 


0 . 16 
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10 
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, 21 
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.22 
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0 , 
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0, 
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0 . 


, 2U 
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0 . 


1^ 
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0 . 


22 
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,23 
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, 30 
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,30 
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.31 


0. 32 
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.33 


0 . 


■ 


0.33 


. U 
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. 21 


0 
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0 , 


.99 
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.0^ 
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.Ij 


1. 17 
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. 1 


1, 


.23 


1 . 


33 


1 . uo 
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0, 
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.06 
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1 , 


.37 
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.UA 


1 , 


.30 


1 , 


.36 


1 . 62 


1 


.68 


1, 


.73 


1 , 


.8U 


1.9^ 


12 . 0 


0 , 


.37 


0, 


.81 


1 . 


, l^A 


1 , 


.^0 


1 .61 


1 . 


.80 


1 , 


.89 


1 , 


.98 


2 , 


.06 


2 . lU 


2 


.21 


2 


.28 


2 . 


, U2 


2.33 


I'i .0 


0 , 


.73 


1 


.03 




.^3 


1 . 


.76 


2.03 


2 


.29 


2, 


M\ 


2, 


.31 


2 


.62 


2.72 


2 


.81 


2 


90 


3. 


, 08 


3.23 


JO.O 


0. 


.90 


1 


.27 


1 , 


,80 


2 


.20 


2.5^ 


2 




2, 


.98 


3 


.11 


3 


.2U 


3.36 


3 


M 


3 


.39 


3. 


,81 


^ .01 


IB.O 


1, 


.09 


1 


.3^ 


2, 


,17 


2 


.66 


3.07 


3 




3 


.60 


3^ 


.76 


3 


.92 


U.06 




.21 


u 


.3^ 


u, 


,61 


^,86 
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.29 


1 


.82 


2, 


■ 55 


3 


.16 


3.63 


h 


.08 


u. 


.28 


u, 


Ml 




.63 


U.83 


3 


.00 


3. 


.16 


3. 


,^7 


3.77 


25.0 


1, 


.86 


2 


.63 


3. 


.73 


u 


.36 


5.27 


3 


.89 


6, 


.18 
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.^3 


6 


.72 


6.97 


7 


.22 
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7, 


.90 


8.33 
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.32 
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.56 


3^ 


.03 
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.16 


7.11 


7 


.93 
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.3^ 


8 


.71 


9 


.07 


9.^1 


9 


.1^ 


10.06 


10 


67 


11.23 


^.0 




,00 


3 


.66 


8, 


.00 


9 


.80 


11.32 


12 


.63 


13^ 


.27 


13. 


.86 


lU 


.^3 


lU 97 


13 


.30 


16.01 


16. 


.98 


17.30 


50.0 


5. 


,6A 


7 


.97 


11, 


.27 


13 


.81 




17 


.82 


18, 


.69 


19, 


.33 


20 


.32 


21.09 


21 


.83 




23 


91 


23.21 


60.0 


7. 


.32 


10 


.33 


1^^, 


,6U 


1? 


.93 


20.71 


23 


.13 


2U, 


.28 


23^ 


■ 36 


26, 


.uo 


27.39 


28, 


.36 


29 


.29 


31. 


,06 


32.7^ 
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Table 1 (Cont.) B-2 
Slope Length In Feet 



% 

Slope 300 



0.2 0.11 

0.3 0.12 

o,k 0.13 

0.5 0.1^ 

i.O 0.18 

2.0 0.28 

3.0 0.^0 

^.0 0.62 

5.0 0.93 

6.0 1.17 

8.0 1.72 

10.0 2.37 

12.0 3.13 

1^.0 3.98 

16.0 

18,0 5.93 

20.0 ?.07 

25.0 10.20 

30.0 13.78 

^0.0 21.92 

50. C 30.87 
60 0 
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.17 


0, 


.18 


0. 


19 


0, 


.19 


0, 


,20 


0, 


.13 


0. 


.Ik 


0. 


.13 


0.16 


0.16 


0, 


.1? 


0, 


,18 


0, 


,18 


0, 


.18 


0, 


.19 


0. 


,20 
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.21 


0. 


,22 
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,1^ 
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.13 


0, 


,16 


0.17 
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19 


0. 


.19 
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0, 
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0. 


,21 
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,22 
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13 


0, 


,16 


0. 


,17 


0.18 


0.18 


0, 


.19 
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,20 


0. 


,20 


0. 


,21 


c, 


.21 


0. 


,22 


0, 


.23 
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,22 


0.23 
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0, 
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.67 
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,76 
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0.8? 


0.92 


0 
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.08 
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.24 
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.61 
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.77 
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3 
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3 
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3. 
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4, 




2 


.7^ 


3 
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3 


.36 


3.62 


3.87 
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.11 
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.5^ 




.74 


4, 
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3. 


,30 


3 


.63 
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.13 


3 
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a, 


.04 
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3.10 
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Ml 


3. 


.71 


3. 


.99 
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.31 


6, 


,99 
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8, 


.07 


u. 


.59 


5. 


.13 


3. 


.62 


6.07 


6.^9 


6, 


.88 


7. 


,26 


7 


.61 


7 


.93 


8, 


.27 


8. 


.89 


9 


.46 


10, 


.26 


5 


.68 


6, 


.33 


6, 


.93 


7.31 


8.03 


8 


.32 


8, 


.98 


9 


M2 


9. 


.83 


10 


.24 


11. 


,00 


11 


.71 


12 


.70 


6 


.87 


?, 


.66 


8, 


.ui 


9.09 
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10 


.30 


10, 


.86 


11 


.39 


11 


.90 


12 


.38 


13. 


,30 


14 


.16 


13. 


06 


8, 


.16 


9^ 


.12 


9. 


.99 


10.79 


11.5^ 


12 


.2^ 


12, 


.90 


13 


.33 


14, 


.13 


14, 


.71 


13. 


,80 


16 


,82 


18. 


,24 


11, 


.78 


13 


.17 


1^^ 


.^3 


13.39 


16.66 


17 


.67 


18, 


.63 


19 


.5^ 


20, 


.41 


21 


.24 


22, 


,8? 


24 


.29 


26, 


.33 


15 


91 


1? 


.79 


19 


.^8 


21.0^ 


22.30 


23 


.86 


23. 


.13 


26 


■ 38 


27, 


.33 


28 


.68 


30 


81 


32 


.80 






25 


.31 


28, 


.30 


31^ 
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Table 2b - "C" Factors For Permanont Pasture, Rangeland, and Idle Land h 



Vegetal Canopy Cover Tl-;at Contacts The Surface 



Type asid. Height , Canopv . . 

of Raised Canopy^ Covert Typeft/ ^ Percent Ground Cover 





% 




0 


20 


uo 


60 


80 


95-100 


Column No J 


7 


'3 




5 


6 


7 


B 


9 


No apprecldole canopy 




Q 




. 20 


, 10 


.042 


.Ul J 


. 003 






u 


• *J 


.2^ 


1< 
• -^J 


.090 


041 


.011 


Cajiopy of tall weeds 


25 


G 


.36 


.17 


,09 


.038 


.012 


.003 


or short brush 




V 


.36 


.20 


.13 


.082 


.041 


.011 


(0.5 m fall ht.} 


50 


G 


.26 


.13 


.07 


.035 


.012 


,003 






V 


.26 


.16 


,11 


.075 


.039 


.011 




75 


G 


.17 


.10 


.06 


.031 


.011 


.003 






V 


.17 


.12 


.09 


.067 


.038 


.011 


Appreciable brush 


25 


G 


.^0 


.18 


.09 


.040 


.013 


.003 


or bushes 




V 


.^0 


.22 


.1^ 


.085 


.042 


.011 


(2 m fall ht.) 


50 


G 


.3^ 


.16 


.085 


.038 


,012 


.003 






V 


.3^ 


.19 


.13 


.081 


.041 


.011 




75 


G 


.28 


,1k 


.08 


.036 


.012 


.003 






V 


.28 


.17 


.12 


.077 


.041 


.011 


Trees but no appre- 


25 


G 


.^2 


.19 


10 


.041 


.013 


.003 


ciable low brush 




V 


.^2 


.23 




.087 


,042 


.011 


m fa^l ht.) 


50 


G 


.39 


.18 


.09 


,040 


.013 


.003 






V 


.39 


.21 


.1^ 


.085 


.042 


.011 




75 


G 


.36 


.17 


.09 


.039 


.012 


.003 






V 


.36 


.20 


.13 


,083 


.041 


.011 



1/ All values shown assujne » (l) random distribution of mulch or vegetation, 
and (2) mulch of appreciable depth where It exists. 

2/ Average fall height of waterxirops from canopy to soli surface 1 n - meters. 

j/ Portion of total-aroa surface thut would be hidden from view by canopy in 
a vortical projection, (a bird's-eye view). 



4/ Gi Cover at surface Is grass, grasslike plants, decaying compacted duff, 
or litter at least 2 Inches deep. 

Vi Cover at surface Is mostly broadleaf herbaceous plants (as weeds) with 
little lateral-root network near the surface,^ and/or undocayed residue. 
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Table 2c - "C" Factors For Woodland 



Forest 



Stand 
Condition 


Tree Canopy 
of Area iJ 


Litter 
% of Area 2/ 


Undergrowth 


Factor 


Well Stocked 


100-75 


100-90 


Mana^edfi/ 
Unmana^ed^ 


,001 

,003-, Oil 


Med i\m Stocked 


70-AO 


85-75 


Managed 
Unmanai5ed 


,002-, 004 
.01 -,0^ 


Poorly Stocked 


35-20 


70-iiO 


Managed 
Unmanaged 


.003-, 009 
.02 -,09 M 



1/ Vhen tr^c canopy is less than 20?C, the area will be considered as grass- 
or cropland for ostljnatln^ soil loss See Table 2b. 

2/ Forest litter Is as.siimed to be at least two inches deep over the percent 
ground surface area covered. 

Undergrowth ijs defined as shrijbs , weeds, grasses, vijnes, etc., on the 
surface area not protected by forest litter. Usually fovnd under canopy 
openijngs. 

fij Managed gray.lng and fires are controlled. 

UaTjanaged stands that are overgrazed or subjected to repeated burning, 

^ For urunanaged woodland with litter cover of less than ?5JlC, G values should 
be derived by taking 0,? of the appropriate values in Table 2b, The fa- 
tor of 0.7 adjusts for the much higher soil organic matter on permanent 
woaiXand. 
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B-3 



Table 2d - "C" Factors For Dlfferfjnt Kinas of Ground Cover (Mulch) 
That May Be Used Iji Computii^g Soil Losses Are: 

1/Ac C 

a. Straw or hay, tied down by anchoring 
or tracking cqulpnent used across 





slope 


1 . 


0 


20 






1 . 


5 


10 






2, 


,0 


.05 






k, 


,0 


,02 


b. 


Vood chips 


7 


0 


,08 






12 


0 


,05 






25 


0 


,02 


c 


Woofi cellulose fiber 


2, 


,0 


,10 


d . 


Flt>-rglass (1,000 lbs /ac.) 






.05 




Asphalt emulsion (1,250 gallons/ac ) 






,02 


f ^ 


Crus.bed stone 


60 


.0 


.1? 






135 


,0 


,05 






2^0 


.0 


,02 


6- 


Bare areas 






1.0 


h 


Anj^.ual covfjr 






0 15 



113 



B-6 



Rainfall Factors For Counties And Cities In Virginia 



Rainfall Factor (R> = 125 
Highland 



Rainfall Factor (R) = 150 

Al leghany 

Amherst 

AutjxJSta 

Bath 

Bed ford 

Bl and 

Botetourt 

Buchanan 

Carroll 

Clarke 

Cr a ig 

Dickenson 

Floyd 

Fr ankl 1 n 

Freder ick 

Gi le^ 

Grayson 

Greene 

Lee 

Loudoun 

Montgomery 

Page 

Pat r ick 

Pul aski 

Roanoke 

Rockbridge 

Rock ingham 

Russel 1 

Scott 

Shenandoah 

Smyth 

Tazeve 1 1 

Warren 

Washington 

Wise 

Wythe 



Rainfall Factor (R) =« 1?5 

Albemar 1 e 
Appomattox 
Buck ingham 
Campbe 1 1 
Culpe per 
Camber land 
Faquier 
Fl uvanna 
Gooch land 
Henry 
Lou isa 
Madi son 
Ne Ison 
Orange 

P 1 1 tsy 1 vaxkia 
Pr ince Edward 
Pr ince Will lam 
Rappahannock 
Spotsylvania 
Stafford 



Rainfall Factor (R) « 2C0 

Ame 1 la 
Caro 1 ine 
Char lotte 
Fa 1 r f a^c 
Hanover 
King George 
Lunenburg 
Nottoway 
Powha tan 



Rainfall Factor (R) » 225 

Chesterfield 
Menr ico 
Meek lenbur g 
New Kent 
Richmond (City) 
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8-7 

Rainfall Factors For Counties And Cities In Virginia (Cont,) 



Rainfall Factor (R) » 250 


Rainfall Factor (R) 


Accomack 


Chesapeake 


Brunswick 


Hearpton 


Charles City 


J^unes City 


Dinwiddie 


Newport News 


Essex 


Suffolk 


Gloucester 


Virginia Beach 


Greensville 




Isle of Wight 




icing and ^^een 




Lancaster 




Mathews 




Middlesex 




Northampton 




Northumberland 




Prince George 




Rlchinor^d (Co.) 




Southajnpton 




Surry 




Westmoreland 




York 
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B-8 



Erosion Index Values For Annual Rainfall And Expected 
Habitudes Of Slngle-Storni EI Values At Key Locations 
In Virginia 



Average Probability Single Storm Normally 

Annual Ono Year In 2xcoeded Once In 



Location 


(R) 


5 


20 


5 Yrs. 


10 Yrs. 


20 Yrs. 


Richmond 


225 


275 


361 


86 


102 


125 


Roanoko 


150 


176 


237 




61 


73 


Lynchburg 


175 


232 


32^ 


66 


83 


103 


Washington 


200 


250 


336 


86 


108 


136 



Annual Distribution Of Rainfall-Eros ion Index Factors 
In Percent By I^ysiographic Areas 





Coastal 


Plain 


Piedjnon t 


Mountains k 


Valleys 


Accuraulativo 


By Month 


Accumulative 


By Month 


Accujnulaiive 


Month 


1/1 


0 




0 




0 




2/1 


2 


2 


i; 




2 


2 


3A 


3 


1 


7 


3 


3 


1 


Vi 


6 


3 


12 


5 


6 


3 


5/1 


10 




17 


5 


10 




6/1 


20 


10 


25 


8 


20 


10 


7/1 


35 


15 


35 


10 


UO 


20 


8/1 


55 


20 


55 


20 


65 


25 


9/1 


75 


20 


78 


23 


82 


17 


loA 


85 


10 


87 


9 


91 


9 


ii/i 


92 


7 


92 


5 


95 


k 


12/1 


97 


5 


97 


5 


96 


1 


1/1 


100 


3 


100 


3 


100 
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K AND T VALUES FOR SOILS IN VDCINIA 



The K values listed are based on field experience and limited tost 
data. On-sito analysis and test data might result In K values different 
from those listed. These values are subject to change as more Informa- 
tion becomes available. The soUs Indicated with an asterisk are either 
flat flood plains and/or wet, and are not subject to erosion. 



Sou 


Depth 




"K" 


"T" 


Abell 


0 - 
8 - 

- 


8 

^0 
60 




.28 
.28 

.^3 


k 


Alajnanco 


0 - 


k6 




.^3 




Albano* 


Albemarle 


0 - 


^5 




.3? 




Aldlno 


0 - 
\h - 
36 - 


1^1 

36 
60 




.^3 

37 


3 


Algiers* 


Alleghany 


0 - 


65 




.28 




AltaVista iJ 


0 - 
12 - 


^0^ 


.28 - 


•J 




Angle 


0 - 


60 




.32 


k 


Appling \J 


0 - 
10 - 


10 
5^ 


,28 - 


.32 
.28 


k 


Ashe i/ 


0 - 


30 




.2^ 


2 


Ashlar 


0 - 
IB - 


18 
3^ 




. 2^ 
.^3 


2 



ly Channery, cherty, shaloy, gravelly, f lag.c;y , cobbly, rocK/ phases 
are reduced 1 class in "k" value. 
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B-10 



Soil 


Depth 






Athol \J 


0 - 3 


.32 - ,37 






8 - 


.17 






h\ - 62 


28 




Atkins* 


Atlee 


0 - 9 


.37 


3 




9 - 26 


.37 






?6 - 52 


.37 




Au^sta 


0 - 9 


.^3 


2 




10 - 6o 


.37 




Aura (see State) 


Aycock 


0-1? 


.37 






1? - 80 


.^3 




Balle* 


Bayboro* 


Bedlngton 


0 - 8 


.32 






8 - i+6 


.28 






- 62 


.17 




Beltsvllle 


0 - 8 


.^3 


3 




8 - ?5 


.37 






?5 - 6o 


.32 




Belvolr 


0 - 8 


.32 


3 




8 - 20 


.32 






20 - 


.32 




Berevola 


0 - 6 


.32 


3 




6 - U2 


.28 




Berks )J 


0 - 10 


.28 


3 




10 - 26 


.17 






26 - 33 


.17 





)J Channcry, chcrly, shaloy, gravelly,^ flaggy,, cobbly, rocky phases 
are reduced ] class In "k" value. 
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Soil 


Depth 


"K" 




BenuudlAn* 


Bertlo 


0 - 9 
9 - 38 
38 - 60 


.32 
.32 
.17 


3 


Bibb* 


Blrdsboro 


0 - 10 
10 - ^+6 
U6 - 70 


.28 
.28 
,17 


h 


Bladon* 


Bland \J 


0 - 3 
3 - 30 
30 - 36 


.^3 
.^*3 
.^3 


2 


Bolton 


0 - 11 
11 - ^12 


.28 
.28 




Bourne 


0 - 12 
12 - 28 
28 - 52 


.^3 
.^3 


3 


Bownansv llle* 


Braddock 


0 - 8 
8 - U8 
ii8 - 85 


.32 
.28 
.32 




Brandy -rflno l/ 


0-25 
25 - iiO 


.37 


3 


Brays* 


BrtJcknock i/ 


0 >■ U6 


.32 


3 


Bromo 


0 - 9 
9 - 17 
1? - 25 


.32 

.28 

,17 


2 



\J Charmery, cfierty, shaley, gravelly, Hai^gy, cobbly, rocky phases 
are reduced 1 class In "V" value. 
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B-12 



Soil 


Depth 


"K" 




RrocJcroad 


0 - 8 


.3^ 


4 




8 ~ 59 


.32 








, 28 




Bucks 1/ 


0-21 


.32 


4 




Z\ ~ ^0 








i*o - 52 


,28 






0 - 60 




<; 
J 


Durkotown 


0-60 




3 


Burton 


0 - Zl 


.15 


2 




21 - 28 


,24 




Cahaba 


0 - 9 




4 




9 - 53 


.20 






^ - 80 


.24 




Cal verton 


0 - u 


.32 


3 




n - 40 


.32 






40 - 60 


.3? 




Calvin 1/ 


0 - 3 


,24 


3-2 




8 - 2? 


,28 






27 - >ii 


,28 




Ca pe Foar* 


Captlna \J 


0-14 


.3? 


3 




14 - 24 


.32 






24 - 60 


.32 




GajTbo ^ 


0 - 6 


,49 


2 




6-3? 


.49 




Cardiff 17 


0-45 


.28 


3 


Carol Ine 


0 - 8 




3 




8 - 80 








cherty , shaley , gravelly , 


f^SLggy, cobbly, rocky 




are reduce 


\i 1 class in "k" value. 
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Sou 










"T" 


Carteoay* 




0 - a 
P - s/i 
- ?h 








li 


Cutlet t 1/ 


0 - ? 

7 - n 
n - IV 




.1? 








0 - 9 

9 - 

2: ~ ?8 




. 5J 




3 




0 - 7 
7 - so 










Chafprln* 


CKindlcr 


0 - h 
^ ' n 




.10 

.1:) 






ChAst ian* 


CM vies* U 


Chrslor l/ 


IS 








-3 




Chllhowl(^ ij 


0 - u 

a - 










Clarksburg i/ 


0 - K' 
1. - nu 






3 






J - '^0 










L 1 1 i t on 












ar« r<"-'duc**'i 








locky p^vises 
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"K" 




Clyrnor 


0 - SO 


. ^8 


1 


Colonj3 


0 - IR 
18 - ^* 
V* - 60 


.^9 
.3? 




Colfax 


0 > 11 
11-30 
30 - 60 


.3? 

.37 
.^3 




Coaus* 


Con^&roo* 


Cory don 


0 - 1^ 




2 


Coxvllle* 1 




0 - h 
4 - J? 
- 60 


.1? 
1? 
1? 


) 


Craven 


0-11 
11 - ?\ 

- 6S 


. )<' 

.re 


3 


Oreedxfcoor 


0 - 8 
8 - 19 
19 - S6 


.3? 

. 3? 
.3^ 


3 


CuUen 


0 - 9 
9 - SO 
50 - ?? 


.3? 
.3? 


^-3 


Culpepper 


0 - 7 
? - 

IJ - 60 


■ 37 
.17 




I>^n(irld^e ^ 


0 - 16 


. 1? 


2 


Davidson 


0 - ? 
^ - 1.' 

i; - SI 

33 - .^3 


. 12 
.^^ 

:8 


5 


are redureu \ 


r ty , bhaley , nrav^^l ly , 
class In '*k*' value, 


flai^^^j, cobbly , 


rocky p^-^ases 
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Depth 


"K" 




Decatur 


0 - 7 


.32 


5 




7 - 20 


.32 






20 - 72 


.32 




Dekalb 


0 - uo 


.2U 


3 


Delanco 


0 - 11 


.28 






11 - 32 


.28 






32 - 30 


.37 




Doguo 


0 - 9 


.28 


u 




9 - ^7 


.28 






U7 - 60 


.17 






Drall 


0 - 9 


,17 


3 




9 - 31 


.17 






31 - 5fi 


,17 




DviTneld i/ 


0 - 10 


.32 






10 - 53 


.28 






53 - 5fi 


.28 




Dunbar 


0 - 8 


.28 


k 




8 - 80 


.2U 




DunjTjon? 


0 - 11 


.37 


u 




11 - 60 


.32 




Duiuiing* 


Duplin 


0 - 8 


.32 


3 




8 - 80 


.28 




DurhaRs 


0 - 16 


.17 


k 




16 - ^8 


.20 






^8 - 56 


.32 




Dyke 


0 - 7 


.32 


k 




7-60 


.28 





1/ Channery, cherty, shaley, gravelly, flaggy, cobbly, rocky pi^ases 
are reduced 1 cla.'^s In "k" value. 
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B-16 



Soil 


Depth 


"K" 


"T" 


Edney^llle 


0 - 10 
10 - 30 
30 - iiO 


.28 
.28 

,2U 


3 


Edon 


0 - 8 
8 - 36 
36 - hi, 


,28 
.28 

.17 


3 


Elbert* 


Elloak 1/ 


0 - 10 
10 - 33 
33 - 60 


.32 
02 
.'♦3 


k 


Elk \J 


0 - \h 
\h - 60 


.37 
.32 


k 


Elkton* 


EUlber \J 


0-60 




k 


Elslj^boro 1^ 


0-60 


.28 


3 


Enon 


0 - 7 

7 - 


.37 
.^3 


k 


Ernest iJ 


0 - 8 
8 - 60 


.32 
.28 


3 


Eu banks 


0-60 


.32 


k 


Facevllle 


0 - 5 
5-60 


.28 
.37 


5 


Fairfax i/ 


0 - 8 
8 ^ ko 
ho - 92 


.'*3 

.28 


3 


Tallsln^ton (see 


Lumber) 






Pannlji 


0 - 7 
7 - 25 
25 - 32 


.37 
.'*3 


3 



l/ Channery, cherty,v shaley, gravelly, f la^gy » cobbly, rocky phases 
are reduced 1 class In "k" value 
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Soil Depth "K" '7" 



Fauquier 


0 - 
5 - 


5 

60 


.28 - 


.32 
.^3 




Fletcher 


0 - 
18 - 


18 
32 




.^3 
.^3 


h 


Fluvanna 


0 - 
8 ' 


8 
60 


.32 - 


.37 
.^3 
.28 


3 


ForostdAle* 


Fork 


0 - 
8 - 


8 

60 




.^3 
.^3 


2 


Prankstown i/ 


0 - 
8 - 

23 - 


8 

23 
60 




.32 
.28 
.28 


3 


Frederick ^ 


0 - 

6 - 


6 

60 


.24- 


.32 
.28 




Fuquay 


0 - 

3^ - 


Ih 

80 




.^0 
.20 


5 


Galestom 


0 - 


30 




.17 


3 


Genesseo* 


Georgevllle 


0 - 

7 - 
> - 


7 

3U 
^5 


• 37 - 


.^o 

.^3 
.^3 


3 


Gilpin iJ 


0 - 


iiO 




.28 


3 


Glenelg l/ 


0 - 
2^ - 


2^ 

60 




■ 32 
.^3 


3 


GlenvUle i/ 


0 - 
2^ - 


2h 
60 




.32 
.37 


3 


Goldsboro 


0 - 
13 - 


15 
76 




.20 
.2^ 


3 


Goldston 


0 - 


23 




, 20 


2 



]^ Channeiry, cherty,^ shaley, gravelly, flaggy, cobbly, rocky phases 
are reduced 1 class In "k" value. 
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Soil 


Depth 


"K" 


"T" 


Goldveln 


0 - 


18 


.^3 


3 




18 - 


^1 
^ J 


• 37 








53 


.32 






53 - 


80 


,28 




Granville 


0 - 


16 


17 






l6 - 


^^5 


.20 




Greendale 


0 - 


50 


.32 


5 


Groseclose 


0 - 


9 


• 32 


3 




9 - 


60 


.32 




Grover 


0 - 


9 


,28 


3 




9 ~ 


38 


32 




Guernsey 


0 ~ 


20 


^3 


3 




20 - 


50 


32 




Gwinnett 


0 - 


7 


.28 


h 




? - 


35 


.28 




Hagerstown 


0 - 


8 


.32 


U 




8 - 


60 


.32 




Hartboro* 


Hayesvllle 


0 - 


5 


.32 


U 




5 - 


60 


,28 




Hayter 


0 - 


9 


.20 - ,28 


u 




9 - 


50 


.28 






50 - 


60 


.17 




Hazel ^ 


0 - 


30 


,28 


2 


Helena 


0 ~ 


12 


.37 


3 




12 ~ 


19 


.37 






19 - 


U6 


.32 




Hemdon 


0 - 


9 


.37 


3 




9 - 




.37 






as - 


^>8 


.^3 




H Iwassoc 


0 - 


6 


.32 


^-5 




6 - 


70 


.28 




ly Channery, cher-ty, 


shaley , 


gravelly , 


i'lagigy, cobbly, rocky 


phases 


arc reduced 1 clas 




value . 
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Soil 


Depth 


"K" 




Huntlj^ton* 




u - /I 




•i 
J 




7 - 


,20 






2^-32 


,28 






0-8 


, 28 






8-38 


'28 






38 - 62 


,28 




J oKn s 


n - T «^ 
u - 1;? 




3 




15 - 32 


,2i* 






32 - 60 


.10 




KalmlA y 


0 - li| 


,2i* 


k 




1^ - 32 








32-60 


,10 




Kelly 


0 - 6 


.^3 


2 




6 - 36 


.37 






36 - ^5 


,28 




Kompsvllle 


0-11 


,28 


k 




11 - 53 


.^3 






53 - 90 


,17 




KtnAnnrllle 


0-22 


.15 


5 




22 - ko 


.15 






ko - 80 


,10 




Keyport (see Craven) 


KUkora* 




Klej 


0-50 


,17 


5 


Kllnosville 


0 - 5 


,20 


2 




5 - 15 


.28 






15 - 19 


.28 






0 - 8 


,28 


k 




8 - 37 


.28 






37 - 80 


.17 





\J Channery,^ cherty, shaley,^ gravelly, flaggy, coDbly, rocky phases 
are reduced i class \n "k" value. 
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B-20 



Sou Depth "K" "T" 



Lakeland 


0 - 


90 


.17 


5 


Landisburg l/ 


0 - 


20 


.^3 


3 




20 - 


60 


.32 




LeetonU 


0 - 


19 


.17 


3 




20 - 


^5 


.17 




Legore \l 


0 - 


10 


.2ii 


3 




10 - 


2ii 


.32 






2^ - 


60 


.2ii 




Lehew 


0 - 


6 


.17- .2^ 


3 




6 - 


32 


.17 






0 - 


8 


.37 


3 




8 - 


75 


.37 




Leon* 


Lewisberry 


0 - 


12 


.20 


3 




12 - 




.17 






ii6 - 


62 


.17 




LIQUID 


0 - 


5 


.^3 


2 




5 - 


38 


^3 






3S - 


72 


^3 




LlndsLde* 


Lltz 1/ 


0 - 


11 


.32 


3, 




11 - 


35 


.32 


Lobdell* 


Lodi 


0 - 


8 


2^ - .32 






8 - 


2^ 


.28 






2^ - 


60 


.28 




Louisa 


0 - 




.2^ 


2 




h - 


15 


.2^ 




LouislAirg 


0 - 


7 


.20 


2 




1 - 


2h 


.2^ 




\J Ghaimery, cherty,^ shaley, gravelly, flaggy, 


cobbly,^ rocky 


phases 


are reduced 


\ class \ii "k" 


value . 
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Soil 


DepU^ 




"K" 


"T" 


Liwbee* 


Lun t 


0 - 


9 




.3? 


3 




9 - 


38 










38 - 


60 




28 






0 - 


9 




.20 






9 - 


72 




.20 




Madison \J 


0 - 


7 




32 


h 




? - 






.32 




Hanassas 


0 - 


13 




.32 






15 - 


60 




.32 




Kanor 


0 - 


15 




M> 


3 




13 - 


60 




.^9 




Kantachle* 


Manteo l/ 


0 - 


3 


28 - 


32 


h 




3 - 


15 




.28 




Marlboro 


0 - 


9 




,20 






9 - 


72 








Marr 


0 - 


12 




32 


3 




12 - 


30 




32 




Maoada \j 


0 - 


9 


.28 - 


.32 


h 




9 - 


33 




28 






55 - 


?2 




.28 




Matapcake 


0 - 


55 




32 


3 


Malta pex 


0 - 


30 




.37 


3 


Mayodan 


0 - 


12 


,20 - 


.2U 


3 




12 - 


ii? 




.24 






hi - 


60 




.'^ 




Meadowvlllf^ l/ 


0 - 


13 




.37 


3 




13 - 


9 




.28 





l/ Channery,; cherty , Ghaley,^ gravelly, flaggy, cobbly , rocky phases 
art* reduced 1 class in "k" value 
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B-22 



Soil 


:)epUi 


"X" 




Mecklenbarg 


0 - 6 
6 - 60 


.32 
.32 


h 




Moleaa 


0 - 7 
7 - 51 
51 - 6o 


,17 
.1? 
.15 


5 


Monongahela 


0 - 60 


.^3 


3 


Montalto ^ 


0 - 
- 6o 


.32 
.3? 


ii 


Ml. Airy 


8 - 33 


28 


3 


Murrill 


0 - 15 
15 - 6o 
60 - 80 


.2^4 - .28 
.1? 
,28 




Musk In^m 


0 - i^O 


.28 




Myall* 


MyersvUle 


0 - 6 

6 - 60 


32 
.32 




Nason 


0 - 8 
8 - 38 
38 - 50 


.32 
.28 
.^3 




Needmore 


0 - 7 
7 - UO 


37 
.2U 


3 


Norfolk ^ 


0-17 
17 - 80 


.28 


5 


Opequon ^ 


0-20 


.^3 


2 


Orange 


0-10 
10 - 38 
3^ - 56 


.^9 
,28 


2 



l/ ChiAnnery, cherly, shaley, pravelly, flaggy, cobbly , rocky phases 
artj reduced 1 class In "k" value. 
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B~23 



Soil 


Depth 


"K" 


"T" 


Omngoburg 


0 - 7 
7 - 60 


.24 
,24 


5 


Othello* 


Pacolet 


0 - 6 

6 - 27 
27 - 42 


,20 - ,24 
,28 
.28 


3 


Pactolus* 


Paaunkey 


0 - 60 


,28 


4 


PodlAr 


0-10 
10 - 20 


.32 
• 32 


2 


Penn 


0 - 8 
8 - 23 

23 - 32 


.28- ,32 
,28 
,28 


3 


Phllo* 


Pinks ton 


0 - 8 
8 - 19 
19 - 30 


.32 
.32 
.24 


2 


Plsgah 


0 - 8 
8 - 50 
50-60 


.28 
,28 
.37 


3 


Pluminer* 


Pocomoke* 


Polndextor 


0-40 


.37 


2 


Pope* 


Porters 


0 - 7 
7 - 28 
28 - 42 


.24 
,24 
.32 


2 


Portsnouth* 


Pouncey* 



1/ Channery, cherty , shaley, gravelly, flaggy, cobbly, rocky phaaes 
are reduced 1 class In "k" value. 
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Soil 






"K" 


"T" 




0 - 


50 




.^3 


3 




0 - 
11 - 


11 




.32 
.32 


u 


Rains* 


RaJnsey 


0 - 


20 




17 


1 


Rapldan 


0 - 


ii8 




32 


k 


Rar Itan 


0 - 

M - 


8 
50 




^3 


3 


Read lii^ ton 


0 - 
9 - 
29 - 


9 

29 
50 




.^3 
.28 


3 


Rlvervlow* 


Roanoke* 


Rohorersvll e 


0 - 

15 - 

h2 - 


15 




.37 
.37 
^3 




Rowland 


0 - 
10 - 

- 


10 

60 




.^o 

?8 
.17 


u 


Ram ford 


0 - 
17 - 


17 
60 


,20 - 


17 


u 


Rush tow 


0 - 


50 




.17 


li 


Rus ton 


0 - 
16 - 
Ul - 


16 
h\ 
hy 


20- 


32 
.2^ 
.32 


3 


Rutlo'i>5e* 


\] Channery, cherty 
are I'^ducod 1 cl« 


y slial^^y, j 
iss in "k" 


gravelly, 
value . 


f laggy , cobbly , rocky 


phases 
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ERIC 



B-25 



Soil Depth "K" "T" 



r> ^ 1 / 

Sassafras ^ 


8 




17 


.28 


k 
















37 


- 


60 


.1? 




SC6S 


0 










Sekll 


0 


- 


1^ 


.37 


2 




1^ 




38 


.28 




She locta 


0 


- 


20 


.28 






20 


- 


60 


.32 




Starr 


0 




10 




k 




10 


- 


60 


!28 




SUto 


0 




60 


28 




Susquehanna 


0 


- 


5 


.17 - .^3 


3 




5 


- 


77 


.32 






0 




Q 
7 


. 28 


2 




9 


- 


22 


^28 




Tallapoose 


0 








1 




\\ 




10 


12 






10 




30 


.28 




Ta te 


0 




7 


.28 






? 




^6 


.32 










72 


.2^ 




Tatxiin 


0 




8 


.28 - .37 


3-^ 




8 




^? 


.28 






^7 




60 


.^7 




To totijn 


0 




8 


.32 - .37 


3 




8 




^8 


.37 










80 


.28 




Thumont ^ 


0 




8 


.32 






8 




^8 


.28 






^8 




60 






\J Channery,^ cherty, 


shaley , 


gravelly , 


fl^t^^Yi cobbly, rocky 


phases 



arc reduced i class in "k" value. 
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ERIC 



B-26 



Soil Dopth "X" "T" 



Toccoa* 


Toxaway* 




0 


- 


11 






3 




11 




Jo 




.32 










Ar\ 
oO 




. CO 




Turbovlllo 


0 




10 


.28 -- 




2-3 




10 


- 


72 




.28 






0 




10 




. c** 






10 




U8 




.20 








- 


60 








Tygart 


0 




10 




.^3 


3 




10 




U6 




.37 






U6 


- 


60 




.32 




Tyler 


0 




9 




.^3 


3 




9 




18 




.37 






18 




5^ 




.32 






0 




8 


.28 - 


.32 






e 




UO 




.17 






uo 




5^ 




.17 




Un Ison 


0 




8 


.28 - 


.32 


k 




3 




50 




.28 






50 




72 




.28 




Upohur 


0 




7 




.^3 


3 




7 








.28 










73 




.28 




Yeince 


0 




5 




32 


3 








23 




.37 






23 




60 




.28 






0 




2^ 




.15 


5 








75 




.20 






Vaimers* 



ly Charuaery, cherty, shaley, gruvelly, flaggy, cobbly, rocky phases 
are reduced 1 class in value. 
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boll Ivpth "X" 'T" 



WaUu^a 


0 - 


? 


J2 






7 - 


28 








- 


?/ 


-^7 




Watt 


0 - 




^0 


3 












Weaver* 


Wedowec 


0 - 










U - 




/8 




Wehadkee* 


Welk«rt ]/ 


0 - 


IB 




2 


W c s tjT) 0 1 3l nd i>/ 


0 - 






) 

J 






y 








^ 




17 






0 - 


10 


U9 


) 




10 - 










18 - 


>o 






Whlto Storti 


0 - 


6 




3 








V 




Whltt'ford 1/ 


0 - 






3 


WhU]ey 








) 




9 


















































} i 








} ^ 














<'^?' 


u 


17' "hann*^ r y , cN'-^ r • v , 












s tji "V" 









13o 

ERIC 



Vorahan* 


York 


0 - 


■ 12 




3 






- 2S 








^'b - 


■ (30 


.^3 




Zlon 


0 - 


• 9 


,3? 






9 - 


■ 36 








^6 ■ 


■ i^O 


1? 





NOT^:i Tin' cUases '>r "K" fdctora useil In VlrglnU are 1?, .20, . , 
2H, 32, . r/, ^3, And .^9. 
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